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Cottage cheese, properly made, offers a most palatable and nutri- 
tious article of food at a relatively low price compared with the cost 
and nutritive value of many other foods, and the demand for it is 
increasing with the greater knowledge of its true value as a food. 
This variety of cheese may be made from skim milk, or a mixture of 
skim milk and buttermilk. The simple method of manufacture recom- 
mends its adoption by creameries and milk plants having skim milk 
or buttermilk which it is desired to dispose of to good advantage. 
Very little additional equipment is required, and the cost of manu- 
facture is low, which enables the creamery to pay the patrons a good 
price for the skim milk. 

GOOD RAW MATERIAL ESSENTIAL. 

As the quality of cottage cheese is entirely dependent upon flavor 
and texture, it is very important to have milk of a good, clean flavor, 
free from any foreign odors. The maker can control the texture of 
the cheese, but if the flavor is to be controlled, good raw material is 
necessary. 

PASTEURIZATION OF SKIM MILK IMPORTANT. 

It is advisable to pasteurize the fresh skim milk just as it comes 
from the separator, and to begin manufacturing as soon as possible, 
in order to control the fermentation or souring to the best advantage. 
No trouble need be experienced in making a high quality of cottage 
cheese, possessing both the characteristic flavor and body, from prop- 
erly pasteurized skim milk of good quality. Pasteurizing the milk at 


a temperature of 145° F. for 30 minutes in no way affects the coagu- 
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lability of the milk or the handling of the curd in making cottage 
cheese. A higher temperature, however, should be avoided if the 
best results are to be obtained, because it gives a fine curd which is 
much harder to handle during the process of manufacture. Perhaps 
the greater portion of the cottage cheese used is made from raw skim 
milk, but the benefits to be derived from proper pasteurization are so 
great as to make it highly advisable to adopt that system of manu- 
facture. Pasteurization adds but little to the cost of making and has 
the following important points in its favor: 

1. It insures a sanitary, safe food product free from all danger of disease- 
producing bacteria. 

2. It makes it possible to exercise a more perfect control of souring through 
the use of pure-culture starters, thus insuring the formation of an acid curd, 
giving the characteristic, mild, sour-milk flavor so much desired. 

Pasteurization requires little additional work, provided suitable 
equipment is available. The use of a pasteurizing vat, so elevated 
as to allow the pasteurized milk to run into the “making vat” by 
gravity, gives most satisfactory results. 


EQUIPMENT REQUIRED. 

Any equipment needed for making cottage cheese, in addition to — 

that already in the creamery or milk plant, depends upon the ap- 

paratus on hand and whether the skim milk is to be pasteurized. 

When a pasteurizer and a channel-bottomed vat are available, very 

little expense is necessary. Assuming that the skim milk is to be 
pasteurized, the following-named apparatus will be needed: 


Pasteurizer. Curd knives. 
Channel-bottomed cheese vat. Curd pail. 
Drain rack. Vat whey strainer. 


Drain cloths. 
PASTEURIZER. 


The holding system of pasteurization is to be preferred. It re- 
quires a pasteurizing vat which may also be used for cooling the 
skim milk to the ripening temperature, after which the milk is run 
into the making vat. The skim milk for more than one batch of 
cheese may be handled in one pasteurizing vat, provided all of it 
does not have to be taken care of at once. 

The flash method of pasteurization can be used with good results, 
but in order to prevent any possible.effect upon the natural coagula- 
tion of the milk care must be taken to guard against the use of too 
high a temperature. 

In case the cottage cheese is to be made from unpasteurized skim 
milk, the largest item of expense, which is the pasteurizer, will be 


eliminated. 
CHEESE VAT. 


The channel-bottomed cheese vat is of the ordinary type, with a 
steam connection for the purpose of heating the curdled skim milk. 
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DRAIN RACK. 


The drain rack (fig. 1) should be made of either cypress or a good 
grade of white pine. A frame 3 feet 4 inches wide by 6 feet 4 inches 
long, outside dimensions, is made of surfaced 2 by 4 inch material, 
using mortised joints and allowing the ends of the longer pieces to 
project 3 inches. This frame is made by laying the pieces flat. On 
the inside edge of each side piece bore a $-inch hole, about 2 inches 
deep, 1 foot each way from the middle, and slip a half-inch 
galvanized pipe of the proper length into the Hole when putting the 
Efaine together. The pipes support the wire screening and keep it 
from getting loose. Three galvanized swivel casters are fastened to 
each side on the bottom of the frame to allow the drain rack to be 
handled conveniently. Galvanized-wire screen of four meshes to 
the inch is nailed to the top of the frame with staples, taking care to 
draw it tight and let it extend a little over the middle of the frame 
all around. A wooden strip, wide enough to cover the edge of the 
galvanized screening, is nailed around the outside edge of the upper 
part of the frame, to hold the top part in proper position. The top 
part is made of 14 by 12 inch surfaced material with mortised and 
spiked corner joints, each end of the side pieces projecting 6 inches. 
These projections, trimmed down to the shape of a handle, make the 
rack more convenient. 

Two drain racks of the dimensions given are large enough to hold 
the curd from 400 gallons of skim milk. The curd drains quickly in 
the drain racks, which permits them to be used repeatedly until all 
the cheese is made. 

DRAIN CLOTHS. 

The material used for the drain cloths must be easy to wash and 
so strong that it will not tear during the manipulation of the curd. 
The drain cloths made of cheesecloth of the kind ordinarily used are 
unsatisfactory because they lack strength, whereas those made from 
a grade of even-count, round-thread, unmercerized voile are very 
satisfactory and easy to keep clean. A drain cloth of the latter ma- 


Fig. 1.—Drain rack. 
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terial will outlast several of those made from ordinary cheesecloth. 
To make a cloth of suitable size for a drain rack 3 feet wide, 6 feet 
long, and 12 inches deep, it is necessary to have two pieces of 36-inch 
material 3 yards long, which are sewed together at the middle with 
a treble flat seam and the edge hemmed to prevent raveling and un- 


necessary wear. 
CURD KNIVES. 


Two kinds of knives are used. One, which cuts the curd into hori- 
zontal layers about ‘one-half inch thick, has metal strips or wires 
fastened horizontally to a frame. This knife is used by drawing 
it through the curd the long way of the vat. The second knife, which 
cuts the layers first into half-inch strips the length of the vat and 
then into cubes, has its strips or wires fastened vertically. The first 
cutting with it is done by cutting across the vat and then the long 


way of the vat. 
CURD PAIL. 


When the curd is to be dipped from the vat, a curd pail, whose 
side opposite the handle is flat, is more convenient than the ordinary 
round pail, because the curd at the bottom can be scooped up more 
easily. 

VAT WHEY STRAINER. 

The strainer commonly used is of metal, cylindrical in shape, about 
5 inchesin diameter, with a spout at the bottom which just fits the 
spigot opening. The strainer is placed in the vat with the spout in 
the spigot, which allows the whey to drain off, leaving the curd. 

METHOD OF MANUFACTURE. 
RIPENING THE MILK. 

The object of ripening is to obtain the characteristic mild, sour- 
milk flavor and to develop the acidity necessary to coagulate the 
milk and bring about a separation of the whey from the curd when 
the coagulated milk (or coagulum) is heated. The temperature of 
ripening depends upon the time at which the cheese is to be made and 
the quantity of starter added. 

Fresh milk should be set at a temperature which produces a firm, 
smooth, uniform curd at a time when it is desired to cut the curd. 
The ripening can be regulated by the temperature at which the milk 
is set and the quantity and kind of starter used. Experience soon 
will show the right combination of starter and temperature to be 
used for best results under existing conditions. A good, active, clean- 
flavored starter should be added at the rate of about 5 per cent of 
the skim milk and the milk allowed to set at a temperature of 60° 
or 70° F. This usually gives a smooth, uniform curd in from 6 to 12 
hours. In case the milk is to be made into cheese the day it is re- 
ceived, a larger percentage of starter and a higher temperature for 
holding should be used to obtain the proper condition of curd. 
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Raw milk of good flavor, allowed to sour naturally, usually de- 
_velops a well-flavored curd, but the probability of regularly obtain- 
ing a fine-flavored product is greatly increased by pasteurization and 
the use of a good starter. A starter of poor quality should never be 
used, because it does more harm than good by introducing unde- 
sirable fermentations; in fact, it would be better to depend upon 
the natural souring of the skim milk. 
CUTTING AND HEATING THE CURD. 

The best time to cut the curd is shortly after it shows a firm and 
uniform coagulation, with an acidity of from 0.65 to 0.80 per cent, 
for at that stage a mild-flavored cheese is obtained and at the same 
time sufficient acid is present to give a clear separation of the whey 
from the curd. The object of cutting and heating is to get rid of 
the desired quantity of whey and to remove much of the acidity, 
with the least possible loss of curd. The best method of cutting the 
curd is to use regular cheese-curd knives which cut the curd into 
fairly uniform cubes from which the whey can be expelled with 
but small loss of finely broken particles of curd passing through 
the drain cloth. To break the curd or coagulum with a mechanical 
stirrer produces too many fine particles of curd, which are easily 
lost in draining. 

The heat is turned under the vat when the curd is cut, and the 
temperature raised gradually to the desired point, the curd being 


Fic. 2.—Stirring the curd during heating. 
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Fic. 3.—Raising and lowering the drain cloth to hasten draining. 


stirred gently at frequent intervals to prevent its cooking on the sides 
and bottom of the vat. The texture of cottage cheese is controlled by 
the temperature at which the curd is heated, the length of time 
heated, and the extent of draining. Considerable variation is found 
necessary as to the temperature, time of heating, and draining, de- 
pending upon the condition of the curd. Temperatures between 90° 
and 105° F., depending upon the length of heating, give good results 
when a rather firm, smooth-textured cheese is desired. It is rarely 
necessary to exceed a temperature of 100° F. in making cottage cheese. 
To heat the curd to a higher temperature favors the more rapid ex- 
pulsion of the whey and produces a dry, coarse-grained cheese. 
Similar results are obtained by holding the curd for a long period in 
the hot whey. The length of time that the curd should be held at the 
cocking temperature will vary from 15 to 30 minutes, depending upon 
the temperature used and the texture of the cheese desired. A high 
temperature or prolonged heating at a lower temperature produces a 
dry, coarse-grained cheese which is demanded by some markets. If 
a smooth, uniform-textured cheese is to be made, care must be taken 
not to heat the curd too long, especially when a high temperature is 
used. Experience will serve as a guide to determine the length of 
time and the temperature for heating. The smooth, even-textured 
cheese brings out the fine flavor to the best advantage, as it has none 
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of the harshness or grittiness found in the dry, coarse-grained prod- 
uct. It is well to remember that the lower the temperature used for 
separation the smoother is the texture of the cheese. The use of a 
higher temperature shortens the time required for making, but much 
greater attention must be given to the various steps in the process of 


manufacture. 
DRAINING THE CURD. 


When the heating has continued for the proper length of time the 
whey is drawn from the bottom of the vat into the cloth-lined drain 
rack. The greater portion of the whey passes through the drain 
cloth quickly, after which the remainder of the mixture of curd 
and whey is placed in the drain rack for the purpose of completing 
drainage. An occasional manipulation of the drain cloth, rolling the 
curd back and forth in the rack (as shown in fig. 3), hastens drain- 
age, the extent of which depends upon the texture of the cheese 
desired, the temperature of heating, and the length of time the curd 
is heated. Except when a high temperature has been used the drain- 
age can be controlled very easily and should continue until there is 
no accumulation of free whey in the finished cheese. A high tem- 
perature favors the accumulation of free whey in the finished prod- 
uct, unless the curd has been allowed to drain until the yield is ma- 
terially reduced, and with the further probability of getting too dry 
a cheese. In case the draining is too rapid it can be checked by 
washing the curd with cold water, which hinders the expulsion of 
moisture. Free whey in the finished cheese gives rise to a very 
strong, sour flavor. 


Fic. 4.—Salting the cheese. 
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Fie. 5.—Working the salt in. 


SALTING, ETC. 


When the curd has drained sufficiently, salt is added and well 
worked into the cheese. The rate of salting is determined by the 
demand, some markets desiring a light-salted and others preferring 
a heavy-salted cheese. One and one-quarter pounds of salt to 160 
pounds of cheese gives a medium-light salted cheese satisfactory to 
the ordinary taste. From 3 to 4 ounces of salt to 100 pounds of milk 
is about the right degree of salting and perhaps may be a better 
basis on which to begin the work. It usually is advisable to salt 
rather lightly, allowing the consumers greater opportunity to pre- 
pare the cheese to suit their individual tastes. 

The addition of 1 pound of sweet cream to 10 pounds of cheese — 
greatly increases palatability and is to be recommended, especially 
when it is desired to build up a trade appreciating high-quality prod- 
ucts. The cream is worked into the cheese with the salt. The addi- 
tional cost of cream is small when it is considered that each pound 
added makes an extra pound of cheese. 


PACKING AND MARKETING. 


The ideal method of marketing is to pack the cheese in the small, 
single-service, sanitary, paraflined paper containers, of which there 
are many kinds on the market (see fig. 6). The containers offer a 
convenient form for the dealer to handle, and are attractive to the 
buyer. While cartons add considerably to the cost of marketing, 
the extra price obtained for the product in that form usually com- 
pensates for the additional expense. 

Cheese to be shipped in bulk may be packed in butter tubs (fig. 8) 
or in ordinary milk-shipping cans. 
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Fig. 6.—Cartons for marketing cottage cheese. 


Cottage cheese always should be packed immediately after it is 
salted and should be marketed within a few days, as it is perish- 
able and deteriorates very quickly at ordinary room temperatures. 
To insure marketing in best condition and to prevent unnecessary 
loss, it is important to have the cheese placed in the cooler or re- 
frigerator immediately after it is made and to hold it at a low tem- 
perature until disposed of. Freshly made cheese should not be 
shipped until after it has been well cooled, because the warm curd 
is in a condition favoring fermentation and deterioration in quality. 


Fig. 7.—Packing the cheese in cartons. 
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Fic. 8.—Packing the cheese in tubs. 


Tt is advisable, therefore, to hold the freshly made cheese in the re- 
frigerator overnight before making shipment. 
YIELD OF CHEESE. 

The yield of cheese, which varies from 12 to 22 pounds for 100 
pounds of milk, depends almost entirely upon the amount of mois- 
ture left in the curd, and is controlled by the method of manufac- 
ture. The factors that influence the percentage of moisture in the 
curd and determine the yield are— 

1. Temperature of heating eurdled milk (or coagulum). 

2. Length of time curd is heated. 

3. Extent of draining. 

4, Physical condition of the skim milk after curdling. 

As previously stated, a high temperature, together with prolonged 
heating of the coagulum, favors the rapid expulsion of moisture 
from the curd, which results in a low yield of dry, coarse-grained 
cheese. The percentage of moisture left in the curd can be controlled 
very well by the extent of drainage, provided too high a temperature 
has not been used in the process of manufacture and the curd has not 
been heated too long. The physical condition of the skim milk after 
curdling also often has a marked influence upon the resulting yield. 
A weak, unevenly coagulated curd, when cut, produces a large quan- 
tity of fine curd, much of which is generally lost during drainage. 

The yield obtained is controlled by the method of handling, which 
in turn depends upon the demands of the market. The ideal cheese, 
which brings out the delicate, mild-acid flavor to the best advantage, 
is a rather firm, smooth-textured product, free from any harshness 
or coarseness. A yield of from 15 to 20 pounds of that kind of cheese 
can be obtained from 100 pounds of skim milk. 
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USING BUTTERMILK FOR COTTAGE CHEESE. 


While skim milk, pasteurized and ripened with a commercial 
starter, produces a cottage cheese of excellent quality, a high quality 
of cheese which will pass the most critical inspection can be made 
with a mixture of skim milk and buttermilk, using as high as 50 per 
cent of the latter. The buttermilk must be of good quality, however, 
and not possess the old, metallic flavor so characteristic when it has 
been improperly cared for. Buttermilk of good quality can be used 
also to good advantage for ripening pasteurized skim milk. When so 
used, the buttermilk should be added to the skim milk as soon as 
possible after coming from the churn and before there is any develop- 
ment of the metallic flavor. The proportion of buttermilk which may 
be used advantageously without reducing the quality of the cheese de- 
pends upon its quality. An old, strong flavor develops much more 
readily in cottage cheese containing a high proportion of buttermilk, 
especially if the latter has been allowed to develop the metallic flavor. 

Cheese made from buttermilk or from a mixture containing skim 
milk and buttermilk has a much smoother body than that made 
from all skim milk. The body of cheese made from a mixture of 
the two holds up better in storage, as it does not become so dry 
and coarse upon standing. The smoother-textured cheese obtained 
when buttermilk is used is better adapted to some of the uses to which 
cottage cheese is put than the skim-milk product. 

VARIATION IN METHOD WHEN BUTTERMILK IS USED. 


When buttermilk from cream that was pasteurized sweet and then 
ripened is used by mixing it with skim milk, the method as a whole 
is the same as for straight skim milk except for some variation in 
temperature and in the method of handling, and the directions which 
follow are based upon that kind of material. Buttermilk from 
pasteurized sour cream, however, is unsuitable for this method. 
The pasteurization of sour cream has an injurious effect upon the con- 
dition of the buttermilk curd, depending upon the degree of acidity, 
the temperature used, and the method of pasteurizing, and may make 
it impossible to obtain satisfactory results when using the methods 
outlined; and buttermilk from high-acid pasteurized cream can not 
be handled satisfactorily by the methods given. 

The skim milk and buttermilk should be mixed and set to ripen as 
soon as possible after the buttermilk comes from the churn. If 
possible, definite proportions of skim milk and buttermilk should be 
used for each batch of cheese, so that certain rules, determined by ex- 
perience, may be followed more closely in order to manufacture a 
uniform product from day to day. By using buttermilk from 
properly pasteurized cream in combination with pasteurized skim 
milk the danger from disease-producing bacteria may be guarded 
against. 
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It is difficult\to give any definite directions as to the temperature 
to be used when a mixture of skim milk and buttermilk is handled, 
as it is impossible to tell with any degree of accuracy how the curd 
will act during the process of manufacture. Buttermilk from cream 
ripened to a high acidity works much differently from that of cream 
ripened to a low degree of acidity, and because of the direct influence 
of the condition of the buttermilk a variation in the range of tem- 
perature is necessary. A much higher temperature for heating the 
coagulum can be used with a mixture containing a good. proportion 
of buttermilk with less danger of injury to the quality of the cheese. 
A temperature of 90° to 115° F. produces the desired results with a 
mixture containing as high as 50 per cent of buttermilk, although 
it rarely is necessary to exceed 105° F. Additional time is required 
for draining the curd from a mixture containing a large proportion 
of buttermilk. 

In salting the curd from a mixture of buttermilk and skim milk 
care must be taken to prevent a mottled effect on the color of the 
finished cheese. The curd from the skim milk is perfectly white 
compared to .. creamy color of that from the buttermilk, owing to 
the butter color added to the cream. The color of the buttermilk 
curd gives a richer looking product, provided it is well blended 
throughout the cheese to prevent an unevenness of color. 

The yield of cheese from a mixture of skim milk and buttermilk in 
the proportions indicated compares favorably with that made from 
straight skim milk, and is likewise affected by the same influencing 
factors largely under control of the maker. 

The advisability of using a mixture containing much more than 50 
per cent of buttermilk is doubtful. Experience indicates that the 
use of about 50 per cent of skim milk is necessary in order to insure 
the highest quality of cheese. The use of more than 50 per cent of 
buttermilk lessens the quality of the product, which can not be sold 
as the best grade of cottage cheese. 


MAKING BUTTERMILK CHEESE. 


Creameries having only buttermilk of good quality can make it 
into a fair grade of buttermilk cheese by using the vat method or the 
ejector method of heating the soured buttermilk to precipitate the 
curd. 

Because of the fineness of the curd in heating the buttermilk, ex- 
treme care must be taken to prevent breaking it up still finer. The 
‘amount of stirring required to bring the temperature of a vat full 
of buttermilk up to the proper point has a tendency to break up the 
curd so that a portion of it is liable to be lost during the process of 
draining. The method of running the soured buttermilk through the 
ejector heats the buttermilk to the required temperature with the 
least possible breaking up of the curd. With that method the curd 
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is separated clearly and quickly from the whey and invariably rises 
to the top, facilitating a quick removal of the larger portion of the 
whey and making it possible to obtain the finished cheese in a short 
time. By means of a valve in the pipe leading from the buttermilk 
tank to the ejector and one in the steam pipe next to the ejector, the 
temperature to which the buttermilk is heated can be controlled 
easily. The proper temperature necessary for separating the curd 
clearly and quickly can be obtained readily by using a glass tumbler 
to catch samples of the heated buttermilk as it comes from the ejec- 
tor. At the proper temperature the curd quickly rises to the top, and 
the whey is clear. By varying the temperature the proper degree of 
heat required is determined. 


COST OF MANUFACTURE. 

Although the cost of manufacturing depends somewhat upon the 
cost of fuel and labor, it is influenced more largely by the volume ‘of 
business. The table on page 14, obtained from cost-accouriting 
records and showing averages for a three-months’ period when the 
volume of business varied from 40,000 to 70,000 pounds of milk each 
month, gives a good idea of the approximate cost of manufacturing. 
The figures are based upon results obtained in the manufacture of 
cottage cheese in a commercial way at the creamery at Grove City, 
Pa., operated by the Dairy Division of the Bureau of Animal In- 
dustry, and, with the exception of the item of power, were obtained 
by making the proper tests to ascertain the expense of the different 
items. The labor represents the actual time of the men who did the . 
work, figured at the rate which the average creamery would have to 
pay for the desired kind of help. 

By making tests on the boiler to determine the number of pounds 
of water evaporated by 1 pound of coal, and by weighing the pounds 
of condensed steam required to pasteurize and later heat the milk to 
separate the curd, the cost of fuel was ascertained. The soft coal 
used cost $3.50 a ton, mine run. The cost of power is estimated at a 
figure considered sufficiently high to cover that item. 

The quantity of water required to cool 1,000 pounds of milk was 
determined by measuring the actual water used to cool certain 
batches of pasteurized milk, and charging at the rate of 5 cents per 
1,000 gallons. 

Depreciation reserve was figured on the following basis: 


deprecia- 


Probable Annual 
oe tion. 


Apparatus. Value. 


Pasteurizing vat -..-..- $500 | 10 years..- $50 
Making vat.-.-.....--| 100 | 4 years.-..- 25 
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Taking 300 as the probable number of days the vat would be used 
gives a daily depreciation of 25 cents. The number of days the vat 
was used each month and the quantity of milk handled during the 
same period afford a basis for determining the charge for deprecia- 
tion per 1,000 pounds of milk. 

The following figures were used in obtaining the charge for in- 
terest on investment: 


Apparatus. Value. 
Pasteurizing vat............. $500 
Makan eivatenecs cee ere 100 


The interest on $600 at 6 per cent amounts to $36 a vear, or $3 a 
month. Twenty-six runs a month, handling two batches of 2,500 
pounds each, gives 11.5 cents a day, or 2.3 cents as the interest charge 
for 1,000 pounds of milk. 


Cost of manufacturing cottage cheese. 


Cost per 1,000 

ee pounds milk. 
Ma boreesoee pace ce wee ces $0. 790 
(Ofc) eee mle as eee 2a 034 
IPOWOD Says Neo siee eele . 049 
Cooling water.......-..--.- - 020 
Depreciation reserve. ...-.-- . 084 
Interest on investment... .. . 023 
RO tale 5 sees 1. 000 


The cost is figured on the basis of 1,000 pounds of milk because of 
_ the greater variation which would be shown when figuring on the basis 
of pounds of cottage cheese, owing to the variation in yield. Figur- 
ing on the basis of a yield of 18 pounds per 100 pounds of milk the 
cost per pound of cheese would be $0.0055, or a trifle more than one- 
half cent a pound, with no allowance for cost of package. These 
figures may be lowered with an increased volume of business; a de- 
creased volume would raise them. In fact, actual cost accounts main- 
tained at Grove City during a month in which 145,000 pounds of 
skim milk and buttermilk were made into cheese show that the cost 
of making cheese per 1,000 pounds of milk was only 85 cents. When 
only a small-quantity of cheese is made the regular creamery force 
may be able to do the work without any additional help, which would 
be an item of importance in determining the actual cost. 


MARKETS AND PRICES. 


In cities where large industrial concerns employ foreign labor 
there is already a good demand for cottage cheese, and a satisfactory 
market usually can be developed in other cities or localities. The 
market demands and prices fluctuate considerably with the condition 
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of the milk supply and the season of the year. An overabundance of 
milk makes more skim milk available for cottage cheese, thus tending 
to lower the price. Asa whole the best market at the most favorable 
prices is afforded during the winter, with the Lenten season calling 
for the heaviest demands. A lighter market in the summer season 
may be attributed to a greater supply of available skim milk and to 
the fact that warm weather makes it more difficult for dealers to 
handle the cheese, and in some cases prohibits the trade. Dealers 
who make a specialty of handling cottage cheese assert that they are 
in position to buy and dispose of large quantities of the product 
throughout the year, the price to be governed by the quality of the 
cheese and the condition of the milk suppply. 

The Grove City Creamery began the manufacture of cottage cheese 
for the purpose of utilizing skim milk and buttermilk to the best 
‘advantage and providing a market, at an attractive price, for the 
skim milk of the patrons who wished to leave it at the creamery. 
Skim milk and buttermilk were used in varying mixtures, and as 
high as 50 per cent of buttermilk was used, the proportion depend- 
ing upon the quantity and quality of the buttermilk available. The 
business was begun in a small way, and because of other outlets 
through which the raw material could be disposed of to fairly good 
advantage no organized effort was made to develop a market that 
would take care of the increased receipts of skim milk and butter- 
milk. The demand for the product gradually increased, however, 
through unsolicited inquiries, until by the Lenten season of the 
second year the quantity of cheese which the creamery could sell was 
limited only by the capacity of the cottage-cheese equipment and the 
quantity of raw material available. Three business houses signified 
their willingness to handle all the cheese that could be made during 
the entire summer, provided it could be delivered in good condition, 
an item of great importance during the warm season. At Grove 
City the winter price received for the cheese without the addition of 
cream, packed in cans or tubs furnished by the buyer, varied from 
44 to 54 cents‘a pound f. o. b. the point of manufacture. This price 
was for a medium, dry-grained cheese whose yield was from 14 to 16 
pounds from a hundred pounds of milk. The wholesale price re- 
ceived for a smoother-grained cheese to which cream had been added 
at the rate of 1 pound to 10 of cheese and which yielded from 17 to 
19 pounds per hundred pounds of milk, packed in the 12-ounce, 
single-service containers, was 7 cents a package net at the creamery, 
or at the rate of 9.3 cents a pound. The 12-cunce packages, includ- 
ing the shipping box, cost slightly less than 2 cents apiece and, filled 
with cheese of good quality, retail ordinarily for from 10 to 12 cents. 
The demand for cheese packed in the single-service containers is 
from the grocery stores and meat markets in the near-by towns and 
gives considerable premise. 
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Tt is very desirable that a uniform quality of cheese be made at all 
times in order that the trade that has been built up may be retained. 


SUMMARY. 


Cheese made from a good quality of skim milk or a mixture of 
skim milk and buttermilk is a most palatable and nutritious article 
of food. 

Good raw material is essential in making a good product. 

The pasteurization of skim milk insures a sanitary, safe food, free 
from all danger of disease-producing bacteria, and gives more favor- 
able conditions for the manufacture of a uniform, high-quality cheese. 

The main equipment necessary for making cottage cheese from 
pasteurized skim milk consists of (1) pasteurizing outfit, (2) channel- 
bottomed vat, and (8) draining racks, a portion or most of which 
already may be available at the creamery. 

The skim milk is ripened to obtain the characteristic and desirable 
mild, sour-milk flavor, and this is best accomplished through pasteur- 
ization and the use of a commercial starter. 

The method of manufacture is varied to produce cheese of the tex- 
ture that the market demands. 

The ideal cheese, bringing out the delicate, mild flavor to the best 
advantage; is a rather firm, smocth-textured cheese, with a yield ys 
from 15 to 20 pounds of cheese to 100 pounds of skim milk. 

A high-grade cheese can be made from a mixture of skim milk and 
good buttermilk, using some variation in the temperature and the 
method of handling. 

The cost of manufacturing cottage cheese is low, depending upon 
the volume of business and the additional equipment necessary. 
Under ordinary conditions the cost of manufacture, not including 
packages, is approximately one-half cent a pound. 

An excellent method of marketing the cheese is in the small, single- 
service, parafiined paper containers, which are most convenient for 
the dealer to handle and which keep the product in good condition. 

A good market already exists in some cities and can be developed in 
any city or locality. 

The normal demand and the price vary with the condition of the 
milk supply and the season of the year. 

The creamery that makes a uniformly good quality of cheese will 
be affected least by changes in the market demand and will have the 
best outlet at the most favorable price throughout the year. 
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THE CAUSAL ORGANISMS. 


In a paper ? on a disease of potatoes commonly known as leak, the 
disease was described and the literature on the subject reviewed. It 
was shown that the tuber rot typical of this disease could be caused 
by Rhizopus mgricans Ehrenb., as Orton ? found, but that the causal 
organism was more esanGuHiny Pythium Ahawannt Hesse. The 
fungus obtains entrance through breaks in the skin of the potatoes, 
and infection under field conditions usually takes place by some in- 
fected soil getting into wounds made in harvesting. Preliminary 
experiments in 1915 indicated that the disease could be controlled 
by carefully sorting out all wounded tubers. As the disease is of 
considerable economic importance in the delta region of San Joaquin 
County, Cal., it was considered advisable to continue these experi- 
ments. This bulletin deals with further experiments in the control 
of the disease, together with some additional work on the causal 
organism and its occurrence in the delta soils. 

1 The work described in this bulletin was carried out as a part of the potato-disease project of the Office 
of Cotton and Truck Disease Investigations. The writer wishes to acknowledge his indebtedness to Mr. 
Carson C. Cook, of Stockton, Cal., for his hearty cooperation in this work. 

2 Hawkins, L. A. The disease of potatoes known as ‘‘leak.’? In Jour. Agr. Research, v. 6, no. 17, pp. 
627-640, 1 fig., pl. 90. 1916. 

2 Orton, W. A. Potato diseases in San Joaquin county, California. U.S. Dept. Agr., Bur. Plant Indus. 
Cire. 23,14p. 1909. 

Decay of potatoes due to Rhizopus nigricans. (Abstract.) In Science, n. s., v. 29, No. 753, 
p. 916. 1909. 
1903°—Bull. 577—17 


2 BULLETIN 517, U, S. DEPARTMENT OF AGRICULTURE. 


The fungus was isolated from the rotten tubers and inoculations 
made, as in the previous year. The results were similar to those 
obtained in 1915. Forty isolations of Pythwwm debaryanum were 
made in the 45 attempts. The pathogenicity of the organism was 
demonstrated in many instances by inoculating it into sound tubers 
and reisolating it after the potato had rotted. Inoculations were 
made by inserting small quantities of soil from various potato fields 
into tubers. About 50 per cent of the inoculations produced the 
disease from every sample of soil obtained from land which had been 
reclaimed and farmed for some years and had not been burned over 
recently. 

METHODS OF INVESTIGATION. 


It is considered among the growers that. potatoes would not leak 
if grown on new land (that is, land recently reclaimed) or on burned 
land (that is, land on which the peat soil had caught fire and burned 
more or less deeply). This theory was tested. A number of inocula- 
tions were made from samples of soil from an area that had been 
burned over. In no case was there any infection. Samples of soil 
from two areas of new land, one of which had never been farmed, 
while the other had been planted to potatoes the previous year, were 
tested. Two potatoes out of eight inoculated with soil from the land 
most recently reclaimed rotted, and Rhizopus nigricans was isolated 
from the tubers. All other inoculations gave negative results. 
Potatoes from such lands are not immune when inoculated with 
Pythium debaryanum. The apparent immunity of potatoes grown 
on new land or burned land seems to be due to the absence of the 
organism from the soil or to its presence only in limited areas. 

The general plan of the experiments to demonstrate a method for 
the control of the disease was to sort the potatoes in the field and 
store the injured tubers under conditions as nearly approaching 
those of a commercial warehouse as possible. The sound tubers 
were to be shipped in the usual way. It was planned to examine 
the cars of sound potatoes after they reached the market or after 
they had been shipped and sufficient time had elapsed for the in- 
cubation of the fungus. 

The farm selected for the experiments was one on which a number 
of crops of potatoes had been grown. Several cars of the 1916 crop 
had been shipped and considerable damage from leak had been re- 
ported. In the experiments here described the potatoes were 
harvested and sacked in the field in the usual way. They were then 
hauled to the levee, sorted, resacked, and the sound potatoes shipped. 
The tubers that had been wounded by the removal of branches 
(knobs) and by the digging fork were sorted out, and each lot was 
sacked and stored separately. The wounded tubers remained in a 
well-ventilated warehouse on the levee until sufficient time had 
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elapsed for the incubation of the fungus in any inoculated tubers. 
They were then resorted and the number of rotten potatoes in each 
sack noted. The wounded tubers which had not rotted were sacked 
and soid. 

RESULTS OF THE EXPERIMENTS. 


The first car of potatoes included in these experiments was har- 
vested and sorted on September 4 and 5. For the car of sound 
potatoes (270 sacks), 349 sacks of field-run potatoes were required. 
Of the 79 sacks sorted out, 43 sacks were of tubers which had been 
wounded by the removal of knobs, and 25 sacks had been injured 
with the digging forks. The other 11 sacks represent shrinkage 
due to the drying of the potatoes and to the stretching of the sacks 
used in resacking. 

This car of sound potatoes was shipped to Oklahoma. It was 
impossible for the writer to examine the potatoes after the car left 
Stockton, Cal. No leak had been reported by the consignee on 
October 1, so it is reasonable to suppose that the potatoes arrived in 
good condition. 

The injured tubers sorted out were all stored in the warehouse 
until September 13, when part of them were sorted and the unin- 
fected potatoes sold. The remaining tubers were sorted on Septem- 
ber 18, 14 days after the first of the lot were harvested. 

The second and third cars of potatoes were harvested and sorted 
from September 8 to 12, inclusive. For the second car (270 sacks), 
326 sacks of field-run: potatoes were required. Of the 56 sacks 
sorted out, 20 sacks were of tubers that had been injured by the 
digging forks, and 31 sacks were those from which knobs had been 
removed. The other 5 sacks represent shrinkage. The car of sound 
potatoes was shipped to Barstow, Cal., and was examined there by 
the writer six days after the potatoes had been harvested. No leaky 
tubers were found in any of the 20 sacks examined. Some leak was 
reported from Phoenix, Ariz., where the car was finally sent. 

The third car of potatoes in these experiments was sorted imme- 
diately after the second. It required 325 sacks of field-run potatoes 
for the car of sound potatoes. Of the 55 sacks sorted out, 20 sacks 
‘were of tubers that had been injured by the removal of knobs, and 
21 sacks were of those injured by the digging forks. The other 4 
sacks represent shrinkage. The car of sound potatoes was shipped 
to Bakersfield, Cal., where it was examined six days after most of 
the potatoes in it had been harvested. No leaky tubers were found. 
The car was diverted from Bakersfield to Los Angeles, where it was 
reported to be leaking. It was then shipped to El Centro, Cal., 
where the potatoes were examined by the writer. The merchant to 
whom the potatoes were sold said that they arrived in fair condition 
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and that about 1 sack in 20 contained diseased tubers. A number 
of sacks were examined; most of them were free from disease; in 
only one sack was there more than one diseased tuber, and all the 
diseased tubers found had been wounded with the digging fork. 
The amount of leak in the car was considered too small to warrant 
sorting. 

The injured potatoes from the second and third cars were stored 
in the warehouse until September 18. They were then sorted and 
the uninfected potatoes sold. The data obtained from sorting the 
1,000 sacks of potatoes as they came from the field are summarized 
in Table I, which includes the data already given, together with that 
obtained in sorting the wounded tubers. 


Tasie 1.—Experiments with 1,000 sacks of potatoes harvested in the usual way in Cal- 
ifornia, showing the results of sorting for the control of potato leak. 


Rotten tubers (percentage based on estimate of 200 


Field- RUNES SENT tubers to each sack) in three lots of those injured— | , 1n- 
Car of | run ‘i tune 
sorted | pota- |Shrink an 
tubers | toes | age in By removal of knobs. By fork wounds. EEE 
(270 | re- |sorting| By B aa 
ks). | quir- Temov: field = able 
sac q fork hy 
ed ot ot | wounds.| 740 |Maxi-|Mini-| 4, oracq [Maxi-/Mini-| , re, (sorted. 
*|mum./mum.| * 8€- |mum.|mum. ge. 


Per | Num-| Num- Num-| Per | Num-| Num-| Num-| Per 
Sacks.| Sacks. |Sacks.| Sacks. | cent.| ber. | ber. | ber. | cent.| ber. | ber. | ber. | cent—|Sacks. 
11 43 25 !1 


No. 1 349 9.44] 23 2] 12.5 | 6.25 61 14 40 | 20 56.5 
No. 2...-| 326 5 31 20 |15.6+| 40 8} 17 8.5 75 21 48 | 24 40 


No. 3...-| 325 4 30 21 |15.64+] 35 10 | 19 9.5 | 68 28 49 ata 40 


Table I shows that something more than 19.4 per cent of the pota- 
toes in the first lot sorted were wounded in harvesting, either by 
the removal of branches (knobs) or by the digging fork. The 
percentage of injured tubers.in the other two lots, 15.6, is not quite 
so great. In all, 170 sacks of potatoes out of 1,000 were injured. 
That such a percentage of the potatoes should be injured in harvest- 
ing indicates exceedingly poor methods. Nor does this 170 sacks 
represent all the injured potatoes, as the tubers injured by fork 
wounds were supposed to have been sorted out in the field. Much 
of this damage might be eliminated with proper care, but as long as 
the potatoes are harvested with forks it is probable that there will 
be a high percentage of injured tubers. The digging of potatoes 
with machinery is practiced very little in this region, though potato 
harvesters adapted to this type of soil and these conditions are said 
to be available. 

Of the 170 sacks of injured potatoes, 104 sacks (10.4 per cent of 
the total of 1,000 sacks) were injured by the removal of knobs. Break- 
ing off the knobs is a common practice in this region and is recom- 
mended by the potato buyers, as it results, of course, in a smoother 
potato. The tubers injured in this way are considered to be no more 
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subject to leak than sound ones. That this view is erroneous is evi- 
dent from the results obtained in these experiments. Of the first 
lot, 6.25 per cent of the potatoes injured in this way became infected, 
while in the second and third lots the percentage was somewhat 
higher, being 8.5 and 9.5, respectively. The practices of removing 
these branches and of rubbing the raw surface in the soil, as is 
sometimes done, or sacking them, so that soil gets into the fresh 
wound, are harmful. If the broken surface is exposed to the air 
until the wound has had time to cork over, there is much less danger 
of infection. 

Not so many potatoes were wounded with the digging forks as by 
the removal of knobs, but the percentage of rotten ones among 
the fork-wounded tubers was much higher. Out of 1,000 sacks har- 
vested, 66 sacks were wounded with the digging forks. Of these, 
from 20 to 24.5 per cent rotted. The fact that the deep wounds 
made with the digging fork do not dry so readily and are more lia- 
ble to be filled with infected soil than wounds made by the removal 
of knobs seems to account for this higher percentage of infection. 


CONCLUSIONS. 


It is evident from these experiments that the sorting out of all 
wounded tubers would practically insure a shipment from damage 
by this disease. It is probable that it would be impracticable in 
commercial work to sort carefully enough to eliminate all the 
wounded tubers. A few wounded potatoes slipped through in these 
experiments in spite of the careful sorting. It is not difficult, how- 
ever, to remove 96 to 98 per cent of them. Such sorting, according 
to the percentages of rot occurring in the wounded tubers in these 
experiments, would result in an average of about one rotten potato 
in 10 to 25 sacks. This would be nearly complete control. 

It has therefore been demonstrated that the leak may be con- 
trolled by the elimination of all wounded tubers from the shipment. 
The best and most economical means of accomplishing this end would 
be to avoid wounding the tubers in harvesting them. Wounded 
tubers should be sorted out and shipped separately or, better, stored 
for a week or more to allow the fungus to incubate, and then sorted 
and the uninfected potatoes sold. 
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In considering methods of making hay, the following questions 
arise: What is the best time of day to start mowing hay? How many 
mowers shall be used, and how many acres is it best to cut each day ? 
How long must the hay lie in the swath before being raked? If a 
side-delivery rake is used, what advantage has it over the sulky rake ? 
How many men are needed to haul in hay from the field, and is it 
more economical with a given acreage to use a hay loader than to 
load by hand? How many men are needed for storing hay in the 
barn or to work on the stack? 

These and similar questions are of importance to American farmers 
in general, since the production of hay is a more or less important 
farm enterprise in most sections of the country, and since the labor 
cost, the largest item of expense in hay production, is largely made 
up of the cost of haymaking. It was to throw light.on such questions 
that this study of the common practices of hay growers was made. 
Over 500 farms, in different hay-growing districts, were visited, and 
figures were obtained covering haying operations for timothy, 
timothy and clover, alfalfa, and prairie hay. (See fig. 1.) 

Some farmers, when asked to describe the method used in making 
hay, will reply: “Oh, it is very simple. I just cut the hay down, 
rake it up, and put it in the barn or stack.’”’ Such farmers, though 
having a very indefinite method, nevertheless can give the number of 
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acres cut per day with a mower and other information regarding a 
normal day’s work for various haying operations. This information, 
while of value in finding out the cost of making hay for the locality, - 
is of little value in studying the methods of making hay and comparing 
their efficiency. 

SCOPE OF BULLETIN. 


This bulletin is not intended to show the cost of making hay in any 
particular locality or section, but rather to show the effects of different 
methods of distribution of labor in the crew, for the purpose of 


Fig. 1.—Route covered in making this study. 


impressing upon the hay grower the importance of working out and 
using a detailed system that will be most applicable to his individual 
farm. 

In order to assist the hay grower to devise such a method, a few 
selected methods are described in detail. These illustrate the four 
general systems in use in making hay. It is not necessary or possible, 
in this brief survey, to go into the details of the almost infinite 
variety of hay-making methods used for different kinds of hay under 
varying yields, sizes of crews, and kinds and extent of machinery used. 

The methods used as illustrations are, for the most part, common in 
their localities, represent small, medium, and large-sized crews, and, 
as a rule, the best practice in vogue. They are presented in order of 
increasing size of crews. That the grower may be able to compare 
the cost and efficiency of the method he is using with those described, 
a uniform rate of 20 cents per hour for man labor and 10 cents per 
hour for horse labor has been used. These rates vary somewhat in 
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actual practice, though that for man labor will be found to be fairly 
accurate for the hay-growing section as a whole. 


EXPLANATION OF SYMBOLS USED IN WORK CHARTS. 


In order to compare one method of haying with another, it is 
necessary for the reader to have some way of fixing in mind easily and 
quickly the different operations of the crew. Straight bars are used 
often in work charts to show variations in the seasonable distribution 
of labor, etc., but while this method is effective within certain limits, 
it is not applicable in this instance, since, if straight bars were used 
for the many different operations of haymaking, the chart would at 
once become confusing and leave but little impression on the mind. 
For these reasons, symbols have been used which are at once simple 
and suggestive of the operations they represent. These symbols are 
used on the charts so that the reader can see at a glance the time each 
operation starts and stops, the number of men, horses, and machines 
used, and the time lost in each operation. 

For example, the symbol representing mowing is m; that repre- 
senting raking, r. Thus the first letter of the name of each operation 
represents that operation on the labor chart. (See work chart 1.) 
These letters are repeated, extending horizontally, to indicate the 
lapse of time occupied by the operation. Roman capitals (A, B, C, 
etc.) are used to designate individual men of the crew, and small 
Roman letters (a, b, c, etc.) to designate individual two-horse teams. 
Boys are indicated by capital letters in italics (A, B, C, etc.), and 
single horses used for raking, etc., by small italics (a, b, ¢, etc.). 
Where the same individual takes part in two different operations 
during the same hours, such as pitching in the field and unloading at 
the barn, the symbol used to designate this individual is inclosed in 
parentheses opposite the second operation. 

If A and team (a) mow in the forenoon and rake in the afternoon, 
they are designated by the same letters throughout the day. If any 
man or team works in the forenoon, but not in the afternoon, the 
letters used for the man or team in the morning are not given to 
other men or teams in the afternoon. Thus, the total number of men 
and teams used during the day can be seen at a glance. 

In using the following work charts to determine the method best 
adapted to his own needs, the farmer always should bear in mind 
these important factors: 

(1) The average number of days available for haymaking in 
his locality. 

(2) The number of acres or tons to be handled daily. 

(3) The number of men and horses available for the work. 

(4) The type of machinery to be used. 

Under each system of making hay the methods have been arranged 
according to size of crew, the smallest crew first. 
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CREW CAPACITY. 


Apparent discrepancies will be noted in the haying operations, 
such as amount mowed, raked, pitched, etc., per hour. Variation 
in the amount mowed is caused by difference in cut of mowers, in 
yield and character of the hay, and in speed of the mower team. 
The amount of hay pitched on by hand varies considerably with the 
ability of the pitcher. The length of haul to barn also makes con- 
siderable difference in the amount done per day. 

Most of the methods described are in more or less common use in 
certain localities, but some of the systems, where the labor per ton is 
rather low, are those used by isolated farmers who have worked out 
the best methods for their respective conditions. 


Fic. 2.—Loading wagon with hand forks. This calls for irksome man labor and is the most expensive 
method of getting hay on the wagon. Economical for small acreage only. 


SYSTEMS OF MAKING HAY. 


Haymaking may be divided into four general systems, as follows: 
(1) Wagon loaded by hand and unloaded with horse fork into barn; 
(2) wagon loaded by hay loader and unloaded with horse fork at barn; 
(3) hay put into stack with push rakes and stacker; (4) hay baled 
from the windrow with horse or power press. 


System 1.—Hand Loading. 


System 1, in which the wagon is loaded by hand forks, is the oldest 
system, and is used extensively and almost exclusively in the eastern 
part of the tame hay area. It requires but little outlay for machinery 
and is best adapted to farms having a small acreage of hay. It is 
doubtful if it would pay to buy hay loaders for many such small 
farms, even where the meadows are not too hilly. When hay is 
cured in the cock it is necessary to use this system. (See fig. 2.) 


aie 


? 
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The three-man crew is most commonly used for acreages up to 30 
acres. For a larger acreage up to 60, the five-man or six-man crew 


is generally used. 
MernHop lI. 


Method 1 can be recommended only for cases in which a small 
acreage of legume hay is grown. The man who used this method 
grew sugar beets as the principal crop, and the haying interfered 
little with the necessary work required in the beet field. In this 
system, one man works nearly all the first day in the hay field, and 
the next day two men work in the morning only. If this system is 
used, the hay should all be made in a week or ten days, in order to 


Fic. 3.—Pitching hay on tothe stack by hand. This is a slow and costly method of unloading hay and 
should be used only when the acreage is small. : 


get the hay all made before it becomes too mature. The method is 
not to be recommended in sections subject to frequent vainfall. 
(See fig. 3.) 

To facilitate interpretation of the work charts, the first one will be 
described here in detail. A here represents the man and a his team, 
which draws the mower in the forenoon and the sulky rake in the 
afternoon of the first day. The chart shows that the mower runs 
from 8 o’clock in the morning until noon. In the afternoon A, with 
his team a, rakes from 3.30 until 6 p.m. B does no work at haying 
the first day, and he and his team b are available for other work, 
such, for instance, as cultivating corn. The second day B pitches 
hay onto the wagon to A, who builds the load and hauls to the barn 
with team a. A and B unload. One works in the mow and the 
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other unloads the hay with a pitchfork. 


Work Cuart |.—Alfalfa loaded and unloaded by hand (Colorado). 
[This method is adapted to about 20 acres.] 


Time required 
Operation Men (Teams 
6 7. 8 BE anda Bs tae ure Paha 


9510) aT Sle 
Rretetateneven ‘ nnmznmnanoan 


eee ceene 


hhhhbhhahhrorEHH 


Hauling....... 


Walnreteulayss 5.6 556 PPPPPPPPPPPP 


Unloading..... uuuuuuuuuuul4 


Two men and two horses put up 2 tons (2 acres) per day, or 4 tons every other day. Yield 1 ton per 
acre. Man-hours 4.61, team-hours 3.12 per acre. Labor cost, per ton, $1.546. 


MerHop 2. 


This small 2-man crew is limited to 30 acres of tame hay in a 
haying season lasting 10 working days. If the haul is short and the 
pitcher is a fairly strong man, 44 tons can be put into the barn each 
afternoon. .When unloading, the man who sticks the fork will have 
to drive team on hayfork, using a short ladder to reach the ground, 
unless a woman, boy, or girl drives the team. If the hay is not 
tedded, the labor cost will be reduced about 18 cents per ton. This 
is a very good method for a small acreage of hay when two men can 
devote nearly all day to haying. 

Work Cuart 2.—Timothy and clover loaded by hand and unloaded with horse fork (Wis- 
consin). 
[This method is adapted to 30 acres.] 


Time required 
Speration Men Rhine aie en ee 


10 #12 a ee 
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Two men and four horses put up 4.5 tons (3 acres) per day. . Yield 1.5 tons per acre. Man-hours 3.77, 
team-hours 3.77 per ton. Labor cost, per ton, $1.508. 
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MertHop 3. 


This is a very common method, involving the use of the tedder, 
which can be used on areas up to 40 acres. The hay is tedded in 
the forenoon, and after dinner is raked with a side-delivery rake. 
When raking is finished, the man raking takes his team to the barn, 
involving a brief interval of time, and helps load and unload the 
remainder of the afternoon. 


Work Cuart 3.— Timothy and clover loaded by hand; unloaded with horses (Wisconsin). 


[This method is used on 40 acres of hay-.] 


Men | Teams 
Grea Se OMe OR eT SPO Le At UOT oe si US Ge taf 


Operation 
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Three men and four horses put up 6 tons (4 acres) per day. Yield, per acre, 1.50 tons. Man-hours 4, 
team-hours 3 perton. Labor cost, per ton, $1.40. 


Mertuop 4. 


This crew works a little faster than the ordinary three-man crew. 
That 6 tons can be pitched by one man (C), with the help of A the 
last two hours in the afternoon, is due to the fact that the rake ‘is 
used to put the hay into small bunches, thus enabling the pitchers 
to make better time. If the hay were not bunched, it would be 
necessary to mow in the morning, so that A could help pitch all 
afternoon. This method will handle 4 acres a day, or 40 acres in 
10 working days. 
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Work Cuart 4.—Timothy and clover loaded by hand and unloaded with horses (Iowa). 


[This method is adapted to 40 acres of hay.] 


Time required 
Men | Teams 2 


Gis 7 4) Somer 10) daete. ene eee eee eG 


Operation 
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Unloading....... uuuuuyu 


Unloading. 5. 2.<. 


Three men and 4 horses put up 6 tons (4 acres) per day. Yield, 1.50 per tons per acre. Man-hours 3.16, 
team-hours 2.33 per ton. Labor cost, per ton, 31.089. 


MernHop 5. 


A good system of management for a small crew, when it is desired 
to cut hay late in the afternoon. The dew or rain falling on hay thus 
freshly cut will not be as injurious as if the hay were partly cured. It 
will require a 6-foot mower and a good, strong team to cut 6 acres in 4 
hours. However, the team can be speeded up, as the mowing is done — 
in the coolest part of the day. 

The outstanding objection to this method is the long hours in the 
afternoon for A, who works 8 hours after 1 o’clock. In such a case, 
the farmer himself would naturally do the moving, since he could 
hardly expect a hired man to work so late. 


Worx Cnarr 5.—Timothy and clover loaded by hand and unloaded with horse fork 
(New York). 


[This method is used on 30 acres of hay, but is adapted to 60 acres.] 


Operation Men, | Teams} = 
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Four men and 4 horses put up 9 tons (6 acres) per day. Yield,el.50 tons per acre. Man-hours 3.87, 
team-hours 1.89 perton. Labor cost, per ton, $1.142. 
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Metuop 6. 


This crew consists of 5 men and 6 horses. It puts up 10 acres of 
hay a day, and hence could care for 100 acres in ten working days, the 
usual length of the haying season (one cutting). All of the men work 
all day at haying except the man raking, who works only in the after- 
noon. On most farms producing 100 acres of hay, there is always 
other work to be done besides haying, and this method allows one 
man to do other farm work in the morning. 

A weakness of this method is that when there is a heavy dew the 
crew may be idle an hour or two in the morning. In order to obviate 
this and get in a full day’s work, enough hay should be bunched late 
in the afternoon to keep the crew busy in the morning until the dew 
is gone and the hay is in proper condition to be taken up from the 
windrow. 

The labor cost for this crew is $0.93 per ton, which is very low for 
this system. 

If another similar crew is used one rake will rake for both crews and 
will be kept busy all day. 


Worx CxHart 6.—Timothy and clover loaded by hand, unloaded with horses (New York). 


[This method is adapted to 100 acres of hay.] 


Time required 


si AKoy alkyl) aM 
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Unloading........ 


vuuuuuuuuiuyu uuuuuuuyeyeuyu 


Five men and 6 horses put up 15 tons (10 acres) perday. Yield per acre, 1.50 tons. Man-hours 3.0, 
team-hours 1.66 per ton. Labor cost, per ton, $0.932. 


METHOD 7.. 


This is a rather expensive method, considerable time being lost 
while waiting for the dew to go off in the morning. Hay is cut in 
the morning and tedded in the afternoon, and raked the following 
morning. The hauling crew is one man short in the forenoon, and 
there is a loss of 2 hours by man and team after the tedding is finished. 
Two loads are hauled in by noon, and in the afternoon the remainder 
of the 6 tons are hauled in. This is not a speedy crew, but is fairly 
representative of crews on some farms having 40 to 50 acres of timothy 
and clover hay. In the afternoon, B pitches and team b is used at 
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the barn to unload. E remains at the barn to drive team on hay 
rope. EH is an old man not able to pitch in the field. 


Worxk CHart 7.—Timothy and clover loaded by hand and unloaded with horse fork 
(New York). 


[This method is adapted to 40 acres of hay.] 


Operation Men | Teams 
10 11 12 


mummaunmnmnnomn 


hhbbhHAnvAAhh 


IsEl VES 5 Golo oot PPPPPFEPPPP 


Pal selpinee Gogasdn PPPPPPPPPE 


Unloading....... uuuuuuuuiuu 


Uniloadin err wner 


Unvoading en. BC uuuuuuuuudy 


Five men and 6 horses put up 6 tons (4 acres) per day. Yield, 1.5 ton per acre. Man-hours6.5, team- 
hours 3.83 per ton. Labor cost, $2.06 per ton. 


” 


MerHop 8. 


This method, employing 6 men and 4 horses, is used by a farmer 
in Pennsylvania. Only 2 men (both of whom work on the farm 
all the year round) work all day at haying. The other 4, hired 
for the afternoon only, are transient labor. 

~ When load reaches the barn, it is left standing to be unloaded, 

while team goes to the field with a second wagon to be loaded. Three 
men remain at the barn all of the time and are idle over half of the 
time. The 2 pitchers are idle while team goes to and returns 
from barn. The method is given to illustrate poor labor manage- 
ment. A way to remedy this would be to do away with the barn 
crew entirely and have the two pitchers go to the barn and help 
unload, or to provide teams and wagons enough to keep the barn 
crew busy. This, in turn, would necessitate using the mower and 
rake longer. : 
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Work Cuart 8.—Timothy and clover loaded by hand and unloaded with horse fork 
(Pennsylvania.) 


[This method is adapted to 50 acres of hay.] 


Time required 
Operation Men | Teams 
Gy Be) alah ae 
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Unloading....... 
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Unloading..... 


Six men and 4 horses put up 7.5 tons (5 acres) perday. Yield, 1.50 tons per acre. Man-hours 5.06, 
team-hours 2.4 per ton. Labor cost, $1.49. 


MetTHop 9. 


This is a one-crew system used on a farm in New Jersey, where 
over 500 acres of alfalfa are grown. It is a very good method for 
sections where unfavorable weather makes it necessary to cure in 
the cock under hay caps. In this instance, the 3 men cocking were 
experienced haymakers who did about as much work as 4 green, 
transient laborers would do. (See fig. 4. ) 


Fic. 4—Legume hay curing in well-made cocks. Hay put into the cock when well wilted will turn a cer- 
tain amount of rain, but hay caps should be used if the cocks are to stand several days. 
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Worx Cnart 9.—Alfalfa cured in the cock; loaded by hand and unloaded with horse fork 
This crew is one unit on a farm where 500 acres of alfalfa are grown (New Jersey). 


Operation Teams . 
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1 Operates gasoline engine used for unloading. 

Fifteen men, 1 boy, and 9 horses put up 27 tons (15.acres) ofhay perday. Yield,1.80tonsperacre. Man- 
hours 5.42, horse-hours 3.07 per ton. Labor cost, $1.39 per ton. Cost of labor and engine charges, $1.43 
perton. 


System 2.—Loading With Loader. 


In system 2 hay is loaded with hay loader and unloaded with 
horse fork. 

The loader, when used, will be found usually on farms with a 
hay area of from 60 to 150 or more acres. For such areas the labor 
cost with the loader usually is less than that of loading by hand, 
and more work will be done by a crew using a loader than by the 
same crew pitching by hand. The loader is used to best advantage 
if a side delivery rake is used, for the reason that after but one 
round has been made with the rake the loader can start. (See 
Ee) 

When the yield is heavy the rake can be dispensed with and the 
hay taken directly from the swath. The loader adds considerably 
to the cost of the hay equipment, and repairs are quite an item if it 
is not properly handled. 

Many farmers say that hired help do not like to use the loader, 
because it makes the work of building the load a strenuous job. 
Slings can be used to advantage with the loader. 
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MetHop 10. 


This method was found on a farm where help was scarce and the 
erew short. The first load is put on by one man, the other raking 
with side-delivery rake. When load is on, the second load has been 


Fic. 5.—The side-delivery rake in operation. It puts the hay in loose windrows which allow a free circu- 
lation of the air. If used, however, when the hay is nearly cured, there is liable to be a large leafloss, 
especially with legume hay. 


raked. Both men go to barn and unload. The second, and every 
alternate load thereafter, both men load. They change places every 
other load. The team on wagon needs no driver when loading. 


This method calls for very hard work. The amount of hay made is 
above the average for a two-man crew. 


Work Cuarr 10.—Timothy and clover loaded with loader and unloaded with horse fork 
: (Ohio). 


[This method is adapted to 60 acres. ] 


Time required 
Teams — . 
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Two men and four horses put up 9 tons (6 acres) per day. Yield, 1.50 tons per acre. Man-hours 1.83, 
team-hours 1.83 per ton. Labor cost, per ton, $0.732. 


14 BULLETIN 578, U. S. DEPARTMENT OF AGRICULTURE. 


MertuHop 11. 


This method is in common use and adapted to an acreage up to 
80 acres. Three men work on the wagon. One drives and the other 
two build the load, and 12 tons are put into the barn in 6 hours. 
This is perhaps the maximum amount of hay that a crew of this 
size can handlein one afternoon. In order to accomplish this amount 
of work, large hay racks will have to be used, so that more than the 
average amount of hay is hauled per load. It will also be necessary 
that the distance from the field be short, say not over a quarter of a 
mile. (See fig. 6.) 


Fig. 6.—Unloading hay at the barn with horse power. The horse fork eliminates man labor and makes a 
considerable saying in time in unloading, 
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Work Cuart 11.—Timothy and clover loaded with loader; unloaded with horses (New 
York). 


[This method is adapted to 80 acres.] 


Operation Teans 
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Four men and 4 horses put up 12 tons (8 acres) per day. Yield, 1.50 tons per acre. Man-hours 2.50, 
team-hours 1.50 per ton. Labor cost, per ton, $0.80. 


Metuop 12. 


This method is used on a farm growing 25 acres of hay. Only 
one man works in the forenoon—from 11 to 12 o’clock—raking. 
The hay is cut late in the afternoon, and the crew hauling from field 
work from 12.30 until 7 p. m., getting in 7.5 tons, which is below 
the average for such a crew. A long haul to barn or a slow working 


crew must account for the fact that so little hay is hauled in in 6.5 
hours. 


Work Cuart 12.— Timothy and clover loaded with loader; unloaded with horse fork (New 
Jersey). 


[This method is adapted to 50 acres.] 
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Four men and 4 horses put up 7.5 tons (5 acres) per day. Yield, 1.5 tons per acre. Man-hours 3.53, 
zeam-hours 1.80 per ton. Labor cost, per ton, $1.066. 
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Meruop 13. 


This method is in common use in New York on farms where the 
hay area is 60 acres orless. The objection to this method is that one 
man (A) gets through working (raking) at 4 o’clock in the afternoon 
and must remain idle or find some other profitable work to do with 
his team for two hours, a thing not always feasible. In the forenoon 
B, C, and D can work on other crops. A boy can be substituted for 
the man driving team while loading without lessening the efficiency 
of the crew. 


Work Cuart 13.—Timothy and clover loaded with loader; unloaded with horse fork 
(New York). 


[This method is adapted to 60 acres.] 


Operation Men | Teams 
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Four men and 4 horses put up 6 tons (6 acres) perday. Yield, 1 ton peracre. Man-hours 3.75, team- 
hours 2.08 per ton. Labor cost, per ton, $1.166. 


MetnHop 14. 


This crew, using two teams to haul from the field, and a barn crew 
of two men, put in about the same amount of hay as the four-man 
crew in method 11. The small yield (only 1.25 tons per acre) and a 
longer haul made it necessary to use the second team for hauling in. 
This method is in common use in Lowa. 

Compare the labor required and cost of this method with No. 16, 
in which the tedder is used. In both methods the hay is not raked, 
but is taken directly from swath with loader. 
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Work Cuart 14.—Timothy loaded with loader and unloaded with horse fork (Iowa). 
[This method is adapted to 100 acres.] 


Time required 
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Five men and 4 horses put up 12.5 tons (10 acres) per day. Yield, 1.25 tons per acre. Man-hours 2.80, 
team-hours 1.62 per ton. Labor cost, 30.882 per ton. 


Metrnop 15. 


This method is used for making clover hay when it is desired to 
cure it quickly. The reason the cost is so high in this case is that 
the hay is tedded twice. The rake is not used and the loader takes 
up the hay from the swath. The one objection to this labor arrange- 
ment is that one man remains at the barn all of the time to mow 
away the hay. When hay is taken from the swath, the teams on 
wagon will require a driver. If E went to the field, it would allow 
two men to load and one to drive. Taking up hay from the swath 
entails less strenuous work in loading than does taking from windrow. 

Work Cuart 15.—Clover loaded with loader; unloaded with horse fork (Oho). 
[This method is adapted to 60 acres.] 
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1 Four horses are used on wagon. 


Five men and 8 horses put up 9 tons (6 acres) per day. Yield, 1.5 tons peracre. Man-hours 3.33, team- 
hours3 per ton. Labor cost, per ton, $1.266. 
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Mernop 16. 


The tedder starts at 10 o’clock on hay cut the day before. This 
gives the first hay tedded three hours exposure to the sun. This 
method is in common use, although most farmers prefer to rake the 
hay without tedding, unless the yield is 2 tons or more per acre. 


Work CuHart 16.—Timothy and clover loaded with loader and unloaded with horse fork 
(Iowa). 


[This method is adapted to 100 acres.] 


Time required 
Operation 
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Six men and 6 horses put up 12.5 tons (10 acres) per day. Yield, 1.25 tons peracre. Man-hours 3.36, 
team-hours 2.16 per ton. Labor cost, per ton, $1.104. 


Meruop 17. 


This method is in common use in southern Iowa, where timothy is 
headed for seed. After being headed, the stubble is cut for hay. 
The loader can be used to advantage, because the hay (or rather straw) 
is very light and only two men are needed on the wagon, one driving 
and the other building the load. If the field is much more than a 
quarter of a mile from the barn, a third team and wagon can be used 
to advantage, as two teams hauling will not keep the barn crew busy 
all of the time. By using three teams for hauling, the labor cost per 
ton should be lowered slightly. 
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Work CuHart 17.—Headed timothy loaded with loader and unloaded with horse fork 
(Towa). 


[This method is adapted to 140 acres. ] 
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1 Field raked twice. 


Eight men and 10 horses put up 14 tons (14 acres) perday. Yield,1tonperacre. Man-hours 4.28, team- 
hours 2.80 per ton. Labor cost, per ton, $1.416. 


MerHop 18. 


This method is given in order to show the advantage of using boys 
to fill out a crew. Two teams are used to haul from field. Two men 
build the load and one man sticks the fork at the barn. Thus, the 
third person on the wagon has nothing to do but drive. Boys can 
do this just as well as men, and they cost only half as much. With 
this method a crew of 7 men and 3 boys will put up hay for $1.02 per 
ton, while the cost of a crew of 10, all men, will increase the cost per 
ton by 12 cents, making the total cost $1.14 per ton. It is often 
possible to hire town boys for the easy work of driving the team on 
loads as well as for hoisting hay. 
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Worx Cuarr 18.—Timothy and clover loaded with loader; unloaded with horse fork 
(Towa). 


[This method is adapted to 125 acres.] 
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Seven men,3 boys, and 9 horses put up 25 tons (12.5 acres) per day. Yield,2tonsperacre. Man-hours 
3.66, horse-hours 3.50 per ton. Labor cost, 31.02 per ton. Three wagons are used in hauling with 2 boys 
driving. One boy drives team on hay rope. 


- Mertuop 19. 


This crew is the same as No. 18 would be if composed entirely of 
men, except that an additional man and team work in the forenoon. 
With a yield of 2 tons per acre, but one mower mowing all day would 
be required, but with a yield of only 1.5 tons per acre it is necessary 
to use the second mower half a day in order to get enough hay (25 
tons) cut to keep the hauling and barn crew busy. The use of 3 
boys in place of men would reduce the cost 10 cents per ton. 
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Worx Cuart 19.—Timothy and clover loaded with loader; unloaded with horse fork (Iowa). 


[This method is adapted to 170 acres.] 
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1 One horse used for unloading. 


Eleven men and 11 horses put up 25.5 tons(17 acres) per day. Yield, 1.5 tons per acre. Man-hours 4.03, 
horse-hours 3.76 per ton. Labor cost, per ton, $1.18. 


MetTuHop 20. 


This is a rather large crew, adapted to an area of 300 acres or more. 
The men are all employed throughout the day and there is no lost or 
idle time. Two teams and three wagons are used to haulin. Assoon 
as a load arrives at barn, the team is hitched to an empty wagon, while 
the barn crew of 4 men unload. Two men remain in the field all of 
the time, to build load, so there is always one wagon loading, one being 
unloaded, and one on way between barn and field. This is a very 
efficient method. 
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Work CHart 20.—Timothy and clover loaded with loader; unloaded with horse fork (New 
York). 


[This method is adapted to 300 acres.] 


Tims required 
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Twelve men and 14 horses put up 45 tons (30 acres)perday. Yield,1.5 tons per acre. Man-hours 2. 66, 
team-hours 1.55 perton. Labor cost, $0.842 per ton. 


2 


System 3.—Stacking With Push Rakes and Stacker. 


The machinery used in making hay in the Middle Western States is 
very different from that used in the Eastern States. There are two 
reasons for this. First, a large percentage of the hay is stacked; 
second, horse labor is used as much as possible in order to reduce man 
labor, which is often hard to obtain. By using the push rake and 
stacker, the only hand labor needed is on thestack. (See figs. 7 and 8.) 

Push rakes, also locally known as ‘‘sweeps,” “runabouts,” ‘bull 
rakes,” and ‘‘go devils,” differ considerably in details of construction. 
The capacity or amount of work done per day varies with the type of 
push rake, the skill of man and team operating it, yield per acre, etc. 
(See fig. 9.) 


MertHop 21. 


This method compares very favorably with method No. 23, the 
difference being that it requires fewer men by one to stack almost as 
much hay as do the three men and one boy crew of No. 23. A boy 
could easily replace one of the men in this crew by raking in the fore- 
noon and driving the team on the stacker in the afternoon. This 
method is in common use in the Middle West. 
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Fig. 7—A well-built stack of western hay. Stacks like this lose a very small percentage .o! hay from 
damage by sun or rain. 


Fig. 8.—A group of well-built western stacks. Stacking such a large amount of hay in one place makes 
the cost of making hay very much greater than when the stacks are distributed over the field. 


Fic. 9.—The pushrake in operation. Horses doallof the labor oflifting thehay. From 600 to over 1,000 
pounds of hay can be hauled per load. The skill of the driver and team are important factors in 


the efficient use of the push rake. 
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Work Cuartr 21.—Clover stacked with push rake and stacker (Nebraska). 


[This method is adapted to 60 acres. 
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Three men and 6 horses putup9 tons (6 acres) per day. Yield, 1.5 tons per acre. Man-hours 2.88, team- 
hours 1.77 per ton. Labor cost, 30.93 per ton. 


MernHop 22.. 


This three-man crew arrangement is used on a sugar-beet farm in 
Kansas for a small acreage, (not over 50 acres) where it is desired to 
allow all time possible for working in the beet field. ‘Two men work 
the first day, one the second, and three the third day. By this 
method 32 acres, or 32 tons of hay, are harvested and put into the 
stack per week. The cost is considerably more than for method 24. 


Work CHArr 22.—Alfalfa stacked with push rakes and stacker (Kansas). 


[This method is adapted to about 50 acres.] 
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Third day: 
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Three men and 6 horses put up 16 tons (16 acres) every three days, or an average of 5.33 tons per day. 
Yield, 1 ton per acre. Man-hours3.50, team-hours 3.50 per ton. Labor cost, $1.40 per ton. 
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MetrHop 23. 


This is a very good method for timothy and clover hay on areas up 
to 70 acres, especially where other farm work presses. It allows two 
of the crew to do other farm work in the forenoon. In the afternoon 
four men work all afternoon and stack 10.5 tons. 

Work CHarr 23.—Timothy and clover stacked with push rakes and stacker (Iowa). 


[This method is adapted to 70 acres.] 
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Three men,1 boy,and 6 horses put up 10.5 tons (7 acres) perday. Yield,1.5 tons peracre. Man-hours 
2.33, team-hours 2.09 per ton. Labor cost, $0.884 per ton. 


Meruop 24. 


This method is to be recommended in the West for a small acreage 
when there is considerable other work to be done. It can be used to 
advantage on a sugar-beet farm. Hay is only cut two days in the 
week, thus limiting the use of the method to about 100 acres of 
hay. 


2586°—18—Bull. 578 4 
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Work CxHart 24.—Alfalfa stacked with push rakes and stacker (Kansas). 


[This method is adapted to about 100 acres.] 


Operation required 


First day: 


Push raking... 

Push raking... 

Stacking...... 

Stacking 
Third day: 

Push raking... 

Push raking... 


Stacking..... ms 


Stacking...... 


Four men and 6 horses put up 26 tons (26 acres) in 2.50 days. Yield,1ton per acre. Man-hours3, team- 
hours 2.61 per ton. Labor cost, $1.12 yer ton. 


Mernuop 25. 


This method is used extensively in the prairie hay section of 
Oklahoma. It is not a very good one for the reason that only one 
sweep rake being used; the stacker is not kept very busy. Also, 
the rake is idle half of the day, and the stacker team and man driving 
it are idle over half of the time. If two mowers and two sweep 
rakes were used, the rake would be kept busy all day, and twice as 
much could be put into the stack without increasing the crew at the 
stack. Thus, the cost per ton would be lessened materially. (See 
method 31.) 
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Work Cuart 25.—Prairie hay stacked with push rake and stacker (Oklahoma). 


[This crew can harvest 100 acres in 10 working days.] 


Operation Teams 
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Stacking 
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Four men and 8 horses put up 10 tons or10acresperday. Yield, 1 ton per acre. 
team-hours 3.50 per ton. Labor cost, $1.40 per ton 


Man-hours 3.50, 


MerHop 26. 


This method does not require the use of a stacker. A few alfalfa 
growers in Kansas claim that it does not pay to buy a stacker to be 
used only 2 or 3 days at each cutting. The labor cost in this case is 


Fie. 10.—The haystacker in operation. 


The load is almost ready to be dumped on to the stack. No 
hard labor is required. 


much higher than that for the average when a stacker is used, and 
the yield is but 1 ton per acre. If there is other farm work requiring 
6 regular men, or if extra labor can be hired just when wanted, 
then it might be questionable if it would pay to buy a stacker. If 
help is scarce, however, 3 or 4 men, with 4 to 6 horses and a stacker, 
will put up as much hay as the 6 men and 4 horses, not using a stacker. 
(See fig. 10.) 
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Work CHart 26.—Stacking alfalfa. Ilay 1s brought to stack with push rate and 
pitched upon stack by hand. 


[This method is adapted to a small acreage, where it will not pay to buy a stacker.] 


Operation Men |Teams 
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Six men and 6 horses put up 10 tons(10 acres) perday. Yield,1tonperacre. Man-hours5.1, team- 
hours 1.92 per ton. Labor cost, $1.40 per ton. 


Merruop 27. 


This method is well adapted to alfalfa on a farm growing sugar 
beets, or other crops that compete with hay in labor demands. 
-Only one man works all forenoon. The second man starts raking at 
10 o’clock, leaving 5 men free for other farm work. The amount 
handled per sweep in the afternoon (8 tons) indicates that the sweeps 
work fast and efficiently. 
The only fault that could be found with this method les in the 
long hours for the mower. This is necessary in order to keep the 
crew busy all afternoon. 


Work Cuarr 27.—Irrigated alfalfa stacked with push rakes and stacker (Kansas). 


[This method is adapted to 160 acres. ] 


Operation Men |Teame 
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Push raking..... 
Stacking 
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Seven men and 10 horses put up 16 tons (16 acres) per day. Yield, 1 ton per acre. Man-hours 3.15, 
team-hours 2.40 per ton. Labor cost, $1.10 per ton. 
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a MerxHop 28. 


This crew can handle as much as 250 acres of alfalfa-per cutting. 
As it does not start to work until 8 o’clock, or when the dew is almost 
gone, it is necessary to use three 5-foot mowers to cut down 25 acres 
per day. Only one rake being used, there is no time for gleaning. 
One man on the stack has to take care of hay from two sweep rakes, 
and is worked rather hard, especially when the weather is very 
warm. This method is in common use in western Kansas. 


Work Cuart 28.—A/falfa stacked with push rakes and stacker (Western Kansas). 


[This method is adapted to 250 acres.] 


Time required 
Operation 


Sige) One etek. 


umomoman 
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Stacking........ 


Eight men and 14 horses put up 31.25 tons (25 acres) per day. Yield, 1.25 tons per acre. Man-hours 
2.46, team-hours 2.14 per ton. Labor cost, $0.92 per ton. 


Meruop 29. 


This crew arrangement is in common use in Colorado, where on 
account of there being no need to wait for dew to disappear, the 
crew starts at 7 a.m. The hay is raked with a side-delivery rake. 
Sometimes two men are used on the stack instead of one, as shown 
here. 
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Work Cuarr 29.—ISrrigated alfalfa stacked with push rakes and stacker (Colorado). 
[This method is adapted to 300 acres.] 


Time requi 
Operation Men | Teams 
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Eight men and 14 horses put up 30 acres (30 tons) per day. Yield, 1ton per acre. Man-hours 2.66, team- 
hours 2.33 per ton. Labor cost, $0.998 per ton. 


MertHops 30 AND 31. 

Method 301s givenin order to show the high cost due to poor method. 
The hay is raked the second day with side-delivery rake. The third 
day two sweep rakes bring it from the windrow and dump it close 
to the stack site. The fourth day it is picked up by two other sweep 
rakes and stacked. Thus every day there are four sweeps in use, 
two dumping near the next stack site, and two picking up the bunches 
brought up the day before. 

Method 31 is a rearrangement of method 30. The hay is delivered 
direct to stacker and not dumped on the ground. This reduces the 
crew from 9 men and 16 horses to 7 men and 12 horses, and lowers the 
cost 36 cents per ton. 

Work Cuart 30.—/Jrrigated alfalfa stacked with push rakes and stacker (Colorado). 


Time required 
Operation 
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4 
Nine men and 16 horses put up 20 tons (20 acres) per day. Yield, 1 ton per acre. Man-hours 4.05, team- 
hours 3.60 per ton. Labor cost, $1.53 per ton. 
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Work cHart 31.—/Jrrigated alfalfa stacked with push rakes and stacker (Colorado). 


[This method is adapted to 200 acres.] 


Time required 


Push raking 


Stacking 


Stacking 


Seven men and 12horses put up 20 tons (20 acres) perday. Yield, 1ton peracre. Man-hours 3.15, team- 
hours 2.70 per ton. Labor cost, $1.17 per ton. 


MeruHop 382. 


Method 32 is well adapted to an area of 300 acres of irrigated 
alfalfa. Three 5-foot mowers are used, each cutting 10 acres per 
day. ‘The close spacing of irrigation ditches in some cases makes it 
necessary to use more mowers than in others. The sulky rake is 
used for gleaning, and the side-detivery rake for raking into the 
windrows. 


Work CHART oo —Trrigated alfalfa stacked with push rakes and stacker (Colorado). 


{This method is adapted to 300 acres.] 


Time required 
Operation Men | Teans 
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Stacking........ 
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Stacking.. 


Raking 
(gleaning)...... 


1 Boy driving team on stacker. 


Ten men, 1 boy, and 18 horses put up 37.5 tons (30 acres) perday. Yield, 1.25 tonsperacre. Man-hours 
2.80, team-hours 2.40 per ton. Labor cost, $1.04 per ton. 
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MeruHop 33. 


This crew, used in Nebraska, makes more than 500 acres of prairie 
hay ina season. The yield being only 1 ton to the acre, it is neces- 
sary to use three mowers in order to cut sufficient hay to keep the 
stacking crew of two men busy. It is sometimes necessary to add 
two men to this crew, one to drive the team on the stacker and the 
other to help on the stack. Where large acreages are put up, it is 
the rule*in some sections to have one man on the stack for every 
sweep rake, which increases somewhat the cost per ton. A 


Work Cuart 33.—Prairie hay stacked with push rakes and stacker (Nebraska). 


[This method is adapted to over 500 acres. ] 


Time required 
Operation Men | Teams 
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Push raking, © 


fs] Ie) eh ish lel Col lel bs 


Pusk rekins...... 


Stacking. ......% 


H 


Suseisides hs 


a4 


Ten men and 18 horses put up 45 tons (45 acres) per day. Yield, 1 ton peracre. Man-hours 2.22, team- 
hours 2perton. Labor cost, $0.84 per ton. 


MertuHop 34. 


This method is adaptable to an area of 300 acres of timothy and 
clover. In order to cut 30 acres with two mowers in 10 hours, it is 
necessary to use 6-foot or 7-foot mowers when using the ordinary 
team. If 5-foot mowers are used, it will be necessary to use three 
of them, which will increase the cost per ton by about 8 cents. The 
rakes not only rake the 30 acres over once, but go over the windrows 
and glean the hay left by the sweep rake. (See No. 35, in which 3 
mowers are used.) Twenty tons per sweep rake per day is a big 
day’s work and represents about the maximum amount that can be 
handled even with a yield of 14 tons per acre. Three sweeps usually 
are needed to handle 40 tons per day. 
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Work Cuarr 34.—Timothy and clover stacked with push rakes and stacker (Iowa). 


Sree method is adapted to 300 acres.] 


x Time required 
Operation Men |Teamé 
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Yen men and 14 horses put up 40 tons (30 acres) per day. Yield per acre, 1.33 tons. Man-hours 2.50, 
team-hours 1.75 per ton. Labor cost, per ton, $0.85. 


MetHop 35. 


This arrangement is the same as method 34, except that one more 
mower is used, the mower in this case being 5-foot instead of the 
6-foot or 7-foot mower used in method 34. 


Worx Cart 35.—Timothy and clover stacked with push rake and stacker (Iowa). 


[This method is adapted to 300 acres. ] 


Time required 
Operation Men | Teams 
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Eleven men and 16 horses put up 40 tons (30 acres) per day. Yield, 1.33 tons per acre. Man-hours 2.75, 
team-hours 2 per ton. Labor cost, $9.95 per ton. 
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METHODS 36 AND 37. 


Method 36 is used on a 100,000-acre ranch in Oklahoma, where 
2,000 acres of prairie hay are made each year. The work chart is for 
but one of several crews used. The cost per ton is higher than the 
average, because with several units working there is no incentive for 
the men to ‘‘speed up.”’ The average amount handled per sweep is 


Fig. 11.—A large stacking crew at work in the West. Four push rakes (not all shown in the picture) 
are waiting to unload. The loss of time waiting to unload increases the cost of stacking. This loss of 
time can be avoided by proper management of the push-rake crew, 


less than 8 tons per day. Quite often, where a large number of men 
are working under a foreman, it will be found that the labor cost is 
higher than for a smaller crew, or a crew where the farmer himsels 
ous as one of the crew. (See mes IL) 

Method 37 is almost identical with method 36, re wes the same 
number of horses but one more man. ‘This crew puts up 3 less tons 
per day than No. 36, and is not a fast-working crew 
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Work Cuart 36.—Prairie hay stacked with push rakes and stacker (Oklahoma). 


[This crew stacked about 1,000 acres per year.] 


Operation 
Cie aeS oem On VON Is Nerden ek 


Push raking..... 
Push raking..... 
Push raking..... 
Push raking..... 
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Stacking...... 
Stacking. 
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Stacking. .. 


Thirteen men and 20 horses put up 36 tons (36 acres) per day. Yield, 1 ton per acre. Man-hours 3.61, 
team-hours 2.77 per ton. Labor cost, $1.276 per ton. 


Work Cuarr 37.—Alfalfa stacked with push rakes and stacker (Oklahoma). 
[This method is adapted to 300 acres. ] 


Time required 
Operation Teams 
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Fourteen men and 20 horses put up 33 tons (33 acres) per day. Yield,1ton per acre. Man-hours 4.16, 
team-hours 2.96 per ton. Labor cost, $1.424 per ton. 


36 BULLETIN 578, U. S. DEPARTMENT OF AGRICULTURE, 
Meruop 38. 


This large crew is very efficient and makes over 1,000 acres of 
prairie hay each year. Kach member of the crew puts in a full day 
every day. The cost per ton is low, because men and horses are well 
used to the work and thereisno lost time. One more manis used on 
the stack than is customary when only three sweep rakes are used. 
This crew will put up 450 acres of tame hay in a 10-day season. The 
field is raked twice. 


Work CuHart 38.—Prairie hay stacked with push rakes and stacker (Nebraska). 


[This method is adapted to 1,000 acres or more of prairie hay or 450 acres of tame hay.] 


Time required 
Operation Men | Teams 
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Fourteen men and 20 horses put up 67.5 tons (45 acres) per day. Yield, 1.5 tons per acre. Man-hours 2, 
team-hours 1.48 per ton. Labor cost, per ton, $0.696. 


Meruop 39. 


The labor cost per ton for this method is high, $1.55 per ton. 
This is not due to poor crew management, but to the low yield per 
acre (only half a ton), necessitating twice the number of mowers and 
rakes to harvest a given amount of hay as would be required for a 
yield of 1 ton per acre. It will be noticed that while a sweep rake 
handled 12 tons per day, it must cover 24 acres to get this amount. 
To cover this area, a sweep must be Kept on the jump every minute. 
This crew puts up 4,000 tons of prairie hay in Colorado. 
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Work Cuart 39.—Prairie hay stacked with push rakes and stacker (Colorado). 


[This method is adapted to a large acreage. ] 


Time required 
Operation Teams 
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Fifteen men and 26 horses put up 36 tons (72,acres) per day. Yield, 0.5 ton peracre. Man-hours 
4.16, team-hours 3.61 per ton. Labor cost, $1.55 per ton. 


System 4.—Baling from the Windrow. 


The cheapest method of getting hay into the bale is to bale it 
directly from the windrow, using the sweep rake to bring it to the 
press. There is only one serious objection to this practice, and that 
is the danger of the hay not being dry enough to keep. This objec- 
tion holds in the East and South, but not in the West. 

In the prairie hay section of the Middle West it is customary to 
bale from the windrow, especially if the hay is to be shipped to market. 
The saving entailed by not stacking includes getting the hay upon 
the stack, stacking, and pitching from stack to the press. As the 
prairie haying season lasts for several weeks there, a small crew with 
a two-horse press will often bale over 600 tons per season. A power 
press will bale about .twice as much as a horse press. 

A two-horse press will bale from 6 to 15 tons of hay per day, the 
average probably being about 8 tons, although many crews will bale 
10 tons per day. 

The press crew requires from 3 to 5 men, and if the team requires 
it, a boy will be needed to drive. The crew ordinarily is arranged as 
follows: One or two pitchers, one pressman, one wirer, one driver 
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(usually a boy). If a “patent”’ whip is used, the team on the press 
requires no driver. If the hay yields 1 ton per acre, one mower 
will be kept busy all day. One straight-tooth rake will be kept busy 
half a day, unless the operator rerakes, in which event it will be 
busy all day. One push rake will be required. With a yield of one- 
half ton per acre, two mowers will be required to cut enough down 
to keep the press busy, and the rake will only be able to rake the 
field over once. 

When hay is baled in the field with a power press, the crew will 
vary from 8 to 16 or more men, and the number of horses used will be 
from 6 to 12 or more. Most power presses in the alfalfa and prairie 
hay regions are owned on farms having over 500 tons to bale per 
year, or by men who make custom baling their business. As a 
rule, a power press will bale from 500 to 3,000 tons per year, and 
in such cases the press and field crew get used to making and baling 
day after day and soon become proficient. 

The seasonal repairs on power presses operated by inexperienced 
men May amount to several times as much as those on a press oper- 
ated by skilled pressmen. The methods illustrated are those in 
common practice in the alfalfa and prairie hay sections. 


Meruop 40. 


A common arrangement for small crews. This crew bales but 
6 tons per day, the low output being largely due to the fact that only ~ 
one horse is used on the press. One horse is not able to keep a press 
running at its maximum capacity all day. The hay field is raked 
twice, which also shghtly increases the cost per ton. 


Work Cuart 40.—Prairie hay baled from the windrow with horse press. 


[This crew bales 90 tons per year.] 


Time required 
Operation Men | Teams 
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Six men and 7 horses bale 6 tons (12 acres) per day. Yield, 0.50 ton per acre. Man-hours 10, horse-hours 
11.66 per ton. Labor cost, $3.16 per ton. Cost of labor and wire, $3.41 per ton. 
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MertHop 41. 


This crew is composed of 6 men, only three men being used at the 


press—1 to feed, 1 to pitch, and 1 to wire the bales. The mower 


cuts 10 acres in 7} hours. The pitcher works much harder than when 
4 men are used at the press, and it is customary for the three men at 
the press to change places frequently to lighten the work on the 
pitcher. This crew will bale 600 tons of prairie hay per season. 


Worx Cuarr 41.—Prairie hay baled from the windrow with horse press (Oklahoma). 


[This crew bales 600 tons per year.] 
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Six men and 8 horses bale 10 tons (10 acres) per day. Yield, 1 ton per acre. Man-hours 6, team-hours 
4perton. Labor cost, $2per ton. Cost of labor and wire, $2.20 per ton. 


MetHop 42. 


This method is used by a crew which makes a business of custom 
baling and works throughout the haying season pressing prairie hay. 
The mower is kept busy all day, and the sulky rake halfaday. Four 
men work at the press, and with a yield of 1 ton per acre, 10 tons are 
baled each day. The rake team and driver are idle half a day, but 
can be used to help haul the baled hay to warehouse or car at shipping 
point. 

This type of crew is very common in Oklahoma and other parts of 
the Middle West. 
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Work Onart 42.—Prairie hay baled from the windrow with horse press (Oklahoma), 


[This crew is operated by a man who makes a business of baling for others.] 


Time required 
Operation Teams 
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Seven men and 8 horses bale 10 tons (10 acres) per day. Yield, 1 ton per acre. Man-hours 6.50, team- 
hours 3.50 per ton. Labor cost, $2 per ton. Cost of labor and wire, $2.25 per ton. 


Meruop 43. 


This method shows an arrangement of labor commonly used in 
the prairie-hay section of the Middle West. The size of the press 
crew is such that the men need not work overly hard. The 10 tons 
baled per day is a good day’s work for a 2-horse press. The only 
objection to this method is that the rake is busy only half of the 
time. If the field were reraked, enough hay would be gleaned to 
more than pay for the labor cost of doing it. 


Work Cuart 43.—Prairie hay baled from the windrow with horse press. 


[This crew bales 320 tons per year. ] 
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Seven men and 8 horses bale 10 tons (10 acres) per day. Yield, 1 ton per acre. Man-hours 6.50, team» 
hours 3.50 per ton. Labor cost,$2per ton. Cost of labor and wire, $2.25 per ton. ] 
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MeEtHop 44. 


This crew uses only three men at the press, the press team needing 
no driver. The yield being only one-half ton per acre, it is necessary 
to use two mowers and the sulky rake all day. This is a common 
arrangement in the prairie-hay sections of Oklahoma and Arkansas. 


Work Cuarr 44.— Prairie hay baled from the windrow with horse press (Arkansas). 
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Seven men and 10 horses bale 10 tons (20 acres) per day. Yield, 0.50 ton per acre. Man-hours 7, team- 
hours 5 per ton. Labor cost, $2.40 per ton. Cost of labor and wire, $2.65 per ton. 


MeruHop 45. 


This method is used in Oklahoma by a farmer who presses but 50 
to 75 tons of hay per year. The daily output is a little below the 
average, and no doubt the slow performance of the crew is due to 
the fact that the men are not experienced haymakers and pressers, 
and that there is no incentive to “‘speed up,” since the acreage is 
small. 
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Work Cuarr 45.—Prairie hay baled from the windrow with horse press (Oklahoma). 


{This crew bales 45 tons per year.] 
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HOOD dud! mid! did did 
Eight men and 8 horses bale 7.50 tons (6 acres) per day. Yield, 1.25 tons per acre. Man-hours 9.73, team- 
hours 4.40 per ton. Labor cost, per ton, $2.82. Cost of labor and wire, $3.07 per ton. 
MertHop 46. 


Work chart 46 shows the labor distribution of a crew used for 
custom-baling in Oklahoma. Very often it will be found that crews 


Fic. 12.—Baling alfalfa, cured in the cock, with a two-horse press. More men are used in the baling crew 
than is necessary. Large press crews make the work per man easy, but increases greatly the cost per 
ton of baling. 


making a business of baling hay throughout the season include one 
more man than in the case of the owner who bales only his own hay, 
or, at most, a small quantity. The added cost over that of method 
44 is caused by the extra man in the press crew. (See fig. 12.) 
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Work Cart 46.—Prairie hay baled from the windrow with horse press (Oklahoma). 


[This crew is operated by a custom baler.] 


required 
Operation 
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Push raking.. 


Press crew: 
Pitching...... 
1-1 bs bre: de 


Eight men and 10 horses bale 10 tons (20 acres) per day. Yield, 0.50 ton per acre. Man-hours 8, team- 
hours 5 perton. Labor cost, $2.60 per ton. Cost of labor and wire, $2.85 per ton. 


Meruop 47. 


This crew, with a yield of 14 tons of Johnson grass hay per acre, 
will bale 15 tons of hay per day of 11 hours, if a good day’s run is 
made. This record is high for a crew of this size, but with a “‘three- 
stroke” press and everybody working hard, it is possible to bale out 
15 tons. It is customary, with this output, to change teams on the 
press. A driver, a boy, handles the press team, which insures 
keeping the press going at its maximum speed. 


Work Cuart 47.—Johnson grass baled from the windrow with horse press ( Texas). 
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Push raking..... 


Press crew: 
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Seven men, 1 boy, and 8 horses bale 15 tons (12 acres) per day. Yield, 1.25 tons per acre. Man-hours 
5.50, team-hours 2.93 per ton. Labor cost, $1.68 per ton. Labor cost and wire, $1.93 per ton. 
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MetHop 48. 


This method shows a distribution of labor not often found. The 
greatest fault of this plan is the long hours worked by the mower. 
Thirteen hours makes a very long day for man orteam. By using a 
different team in the afternoon, it is possible to cut 16 acres per day. 
Method 49 is a better arrangement with regard both to hours worked 
and to labor cost per ton. 


Work Cuarr 48.—Prairie hay baled from the windrow with gasoline power press 
(Oklahoma). 


[This crew bales 300 tons per year-.] 
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Eight men and 6 horses bale 16 tons (16 acres) per day. Yield, 1 ton per acre. Man-hours 5.60, team- 
hours 2.13 per ton. Labor cost, $1.54 per ton. Cost of labor, gasoline, and wire, $1.94 per ton. 


MetHop 49. 


This method is almost identical with method 50. The only dif- 
ference is that the rake starts 2 hours later than in the other method. 
Both methods are in common use in the prairie-hay section of the 


Middle West. 
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Work CHarr 49.—Prairie hay baled from the windrow with gasoline power press 


(Oklahoma). 
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Eight men and 8 horses bale 18 tons (18 acres) per day. Yield, 1 ton peracre. Man-hours 4.60, team- 
hours 2.19 per ton. Labor cost, $1.36 per ton. Cost of labor, gasoline, and wire, $1.75 per ton. 


Meruop 50. 


This method shows the smallest possible crew for the operation of 
a power press baling 20 tons per day. This crew bales more than 
1,000 tons. of prairie hay per season. There is no lost or idle time. 
The crew works 11 hours per day. With this method, 5 men in- 
stead of 4 are used very often on the press crew, in order to make 
the work a little easier. 


Work CuHarr 50.—Prairie hay baled from the windrow with gasoline power press 
(Kansas). 


[This crew bales over 1,000 tons per year.] 
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Eight men and 8 horses bale 20 tons (20 acres) per day. Yield, 1 tom per acre. Man-hours 4.40, team- 
hours 2.20 per ton. Labor cost, $1.32 per ton. Cost of labor, gasoline, and wire, $1.69 per ton. 
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Mernop 51. 


This crew bales 5 tons more per day than the crew used in method 
50. Twenty tons per day is about all a sweep rake will handle. In 
order to bale 5 more tons, it is necessary to use 2 sweep rakes and 
more men at the press. The press crew is kept very busy, but is 
not overworked, as a 4-man press crew would be. In this crew 
there is 1 engineer, 1 feeder, 2 pitchers, 2 wiremen, and 1 man to 
haul water and help about the press. This crew bales 1,800 tons per 
season. 


Work CHart 51.—Prairie hay baled from the windrow with steam press. 


[This crew bales 1,800 tons per year.]° 
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Hauling water. 


Twelve men and 12 horses bale 25 tons (25 acres) per day. Yield, 1ton peracre. Man-hours 4.80, team- 
hours 2.40 per ton. Labor cost, $1.44 perton. ‘Total cost, including wire, $1.69 per ton. 
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Meruop 52. 


This crew is used on an Oklahoma farm producing 450 acres of 
alfalfa. It will be necessary to use two 8-foot mowers to cut 35 acres 
per day. If 6-foot mowers are used, three will be required, which 
will increase the cost about 15 cents per ton. The two 11-foot side- 
delivery rakes not only rake 35 acres per day, but turn the windrows 
over the second day. The press crew is necessarily fairly large on 
account of the hay being heavy to handle and the weather hot. As 
no hay is bunched or cocked, the crew will lose some time mornings 
if there is a heavy dew. 


Work Cnart 52.—Alfalfa baled from the windrow with gasoline power press (Oklahoma). 


[This crew bales the hay from 450 acres per year-.] 
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Thirteen men and 12 horses bale 20 tons (35acres) per day. Yield,0.57 tons per acre. Man-hours 6.50, 
team-hours 3 per ton. Labor cost, $1.90 per ton. Cost of labor, gasoline, and wire (3 wires to the bale), 
$2.38 per ton. 
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Meruop 53. 


This crew appears to compare unfavorably with others shown, 
judging by the relatively high cost per ton. The main reason for 
this higher cost is that the temperature is very high, making it 


Fig. 13.—Bunching hay. The hay has been put into piles with a push rake. A hand fork is used to 
“round up” the piles. Enough hay is bunched every day to keep the baler busy in the morning until 
the dew is off the hay in the windrow. This practice enables the press crew to do a full day’s work. 


necessary to have almost a double press crew. There are 2 feeders 
and 4 pitchers. These are divided into two crews and work in 20- 
minute shifts. One man is kept busy all day bunching or cocking 
with a hand fork, so that hay will be ready to bale in the early morning 
before the dew is off of the hay in the swath and windrow. (See 
fig. 13.) 
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Work CHart 53.—Prarie hay baled from the windrow with gasoline power press (Okla- 
homa). 


[This crew bales over 2,000 tons per year.] 
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1 Helps feed, pitch, or do any other necessary work. 


Seventeen men and 12 horses bale 35 tons (28 acres) per day. Man-hours 6.31, team-hours 2.22 per ton 
Labor cost, $1.70 per ton. Cost of labor, gasoline, and wire, $2.07 per ton. 
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CONCLUSION. 


This study emphasizes the fact that many farmers make hay in a 
haphazard fashion, without any definite method adapted to individual 
conditions. This is especially true of the farmers of the East, where 
comparatively small acreages of hay are grown. In the States where 
large acreages are handled, necessity has brought home to the farmers 
the fact that failure to adopt a method suited to the crew available 
and to the acreage to be harvested may result in poor hay and an 
excessive labor cost. Hence, as a rule, it was found that the more 
efficient methods of handling hay were in vogue in the middle and 
western States. 

It was found that small crews often were more efficient than very 
large ones. This was especially noticeable where the push rake was 
used. Five push rakes often will put into the stack as much hay as 
seven, since the latter, where the haul is short, will bring the hay in 
faster than it can be stacked. 

Baling hay from the field was found to be the cheapest system of 
putting hay into the bale. It should be noted, however, that this 
system usually can be used to advantage only in regions where little 
or no rain falls during the haying season. Bunching enough hay in 
the afternoon to keep the baler busy an hour or two in the morning is 
a common_practice among the more efficient crews studied. This 
obviates loss of time in the morning while the dew is drying from the 
hay in the swath or windrow. The total day’s output of the baler 
often was found to be limited by the capacity of the mower rather 
than by that of the press. In the best practice care is taken to provide 
means for cutting enough hay to keep the presses running at full 
capacity. 

Two reasons why the hay loader is not in more general use were 
given by the farmers visited, namely, the relatively large cash outlay 
entailed and the fact that handling hay on the wagon with a loader is 
very heavy work as compared with driving a push rake. 

The detailed methods illustrated here are given merely as a basis 
of study, to help the hay grower in working out the method best 
adapted to his own conditions. The costs per ton for man and for 
horse labor are only relative, and while in the main perhaps approxi- 
mately correct, at least as regards man labor, they are not intended to 
represent the actual cost of making hay in the several localities 
visited. 


TAYLOR, Chief, and the Bureau of Markets, 
CHARLES J. BRAND, Chief 


Washington, D. C. v September 5, 1917 
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INTRODUCTION. 


Celery is one of the important truck crops grown in the United 
States. The farm value of the crop of 1909 was $3,922,848, of which 
crop eight States, New York, Michigan, Florida, California, Massa- 
chusetts, Ohio, Pennsylvania, and New Jersey, produced about 86 per 
cent. The six northern States mentioned produce about two-thirds 
of the celery grown in the United States, and as a considerable por- 
tion of this is stored for a period of one to three months the merchan- 


1The writer wishes to acknowledge his indebtedness to Mr. C. C. Locke, of Arkport, 
N. Y., Mr. Henry Greffrath, South Lima, N. Y., and Mr. W. P. Rodgers, Williamson, 
N. Y., for their courtesy in allowing him to select from their fields the celery used in 
these experiments ; also to the managers of the Hygeia Refrigerating Co., Elmira, N. Y., 
the Hornell Ice & Storage Co., Hornell, N. Y., and the Williamson Ice & Storage Co., 
Williamson, N. Y., in whose houses the experimental lots of celery were stored, for yvalu- 
able assistance rendered. 

Note.—The fruit and vegetable handling, transportation, and storage investigations 
formerly administered in the Office of Horticultural and Pomological Investigations of 
the Bureau of Plant Industry are now being prosecuted jointly and cooperatively by the 
Bureau of Plant Industry and the Bureau of Markets, 
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dising value of the crop is much greater than the farm value given in 
the above figures. With better methods of storage the value would be 
still further increased. 

To hold celery in cold-storage warehouses is a comparatively new 
undertaking, and for this reason very little definite information is 
available on the subject. Storing celery in pits in the field and in 
common storages of the cellar type has been practiced for a long time, 
but these methods are not satisfactory because the temperature and 
moisture conditions can not be controlled. 

During some seasons celery banked in the field keeps in good con- 
dition for several months, while during other seasons the crop decays 
in a short time. When the weather is warm and moist during the 
storage period, celery in banks or pits usually decays. Sometimes the 
crop is considerably injured by freezing. Even if celery could be 
stored in pits in the field with very little loss, the method would not 
be entirely satisfactory, because conditions are not always favorable 
for its removal when wanted for market. The greatest market de- 
mand often occurs during a rainy period or during very cold weather 
when it is difficult to remove celery from banks or pits. 

fs celery is quite perishable, often decaying in a very short time, 
most storage-house managers prefer to handle other products. For 
this reason it is becoming very difficult for celery growers and dealers 
to secure storage space for their product. If it could be shown that 
celery which reaches the storage house in good condition can be 
held in a satisfactory condition under refrigeration for a period of 
three months or more, there would be less difficulty in securing storage 
space for celery. It is believed that the data presented in this bul- 
letin prove that celery can be held in good condition for that length 
of time. In every instance where the celery showed considerable 
decay under three months the conditions in the storage room were 
not good. In most cases, however, the experimental lots of celery 
kept in good: condition until the room was nearly empty, when the 
room temperature for a few days was not properly regulated. It 
should be added, however, that celery which reaches the storage house 
very badly diseased or in a heated condition will not keep as long as 
that which reaches the house in good condition. The management 
should not be held responsible for loss due to poor methods of han- 
dling before the celery reaches the storage house. 

A clear knowledge of the factors which cause or hasten the decay 
of celery in storage and the methods that can be employed to lessen 
this loss is essential to successful celery storage. As has been 
stated, if storage-house managers know that celery which reaches 
the storage house in good condition can be held for a period of 
three months with very little loss, they will more readily accept 
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celery for storage. Also, if growers and dealers realize that for 
satisfactory results celery must be properly handled before it reaches 
the storage house, they will use more care in preparing the crop 
for storing. 


PRELIMINARY STUDY. 


Before starting the investigational work, which was continued 
- for a period of four years, a preliminary study of the conditions 
prevailing in storage houses and on the market was made. It was 
observed that celery held for two or three months nearly always 
showed some decay and that this decay developed faster in the 
center than in outer parts of the crate. In many instances the 
stored celery was so badly decayed that the tops had the appearance 
of being scooped out in the center of the crate. 

It was also observed that the large crates were often so badly 
broken when they reached the market that the celery was consider- 
ably injured, and in many cases the crates had to be repaired or 
entirely remade. The crates when filled with celery were so heavy 
that they were broken in ordinary handling, especially in loading in 
the field and in loading and unloading at the storage house and at 
the market. 

Under ordinary conditions the celery is loaded on a wagon in the 
field and unloaded from the wagon into cars for shipment to the 
storage house. At the storage house it is taken from the car, placed 
on hand trucks, and transferred to the storage room, where it is 
unloaded and piled four, five, or six crates high. When the celery 
is ready for shipment to market it is again transferred on hand 
trucks and loaded into cars. At the market center it is loaded into 
wagons or motor trucks and hauled to and unloaded at the wash 
rooms. Sometimes the crated celery is handled two or three times 
more before it reaches the retailer. With this amount of handling 
it can be readily seen that the crates would have to be very strongly 
made to prevent breakage. When the crates are badly broken, 
the celery stalks are often crushed and the injured portions offer 
entrance for decay-producing organisms. 


OBJECTS AND OUTLINE OF THE EXPERIMENTS. 


The main objects of the experimental work were as follows: 


(1) To determine the factors which hasten decay in celery in storage houses. 

(2) To determine the best method or methods of reducing the loss of celery 
in storage due to decay and mechanical injury. 

(3) To determine the best type of crate in which to paek celery to be held in 
a cold-storage warehouse, 

{4) To study the effect of the temperature of the storage room on the keep- 
ing quality of celery. 
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The celery used in the experiments during the four years was 
grown and stored in western New York. Each experimental lot was 
packed in the field and graded in the storage house by representatives 
of the Department of Agriculture. In every instance the celery used 
was free from disease and was so handled that the different lots were 
comparable. Each year’s results are given separately, as the length 
of the storage period was not the same and the celery was not stored 
in the same house every year. 

The crates used in the experiments were as follows: 


(1) The standard crate, which ranges in size from 22 by 22 to 24 by 24 inches, 
although generally measuring 22 by 28 or 23 by 24 inches. 

(2) The partition-ventilated crate, which is the standard crate with a 
ventilated partition through the center, as shown in figures 1 and 2. This 
partition is made by nail- 
ing three or four slats on 
‘each side of 1 or 14 inch 
posts. The slats and posts 
are the same size as those 
used for the sides and 
ends of the crates. 

(3) The 16-inch crate, 
16 inches wide and the 
same length and depth as 
the standard crate. 

(4) The 14-inch erate, 
14 inches wide and the 
same length and depth as 
the standard crate. 

(5) The 10-inch erate, 
10 inches wide and the 
same length and depth as 
the standard crate. 

(6) The 11-inch solid- 
head crate, 11 inches wide, 
24 inches long, and 24 
inches deep. 
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Fig. 1.—Partition crate used in the celery storage experi- In ries the stand- 


ments. ard, the partition-ven- 


tilated, and the 10-inch crates were used. In 1913-14, 1914-15, and 
1915-16 the standard and partition-ventilated crates were used, but 
the 10-inch crate was discarded after the first year, because it was 
too small for practical purposes. Each year after 1912-13 the 14-inch 
and the 16-inch crates were used. 

Figure 3 shows a 14-inch, a 16-inch, and a partition-ventilated crate 
‘filled with celery. The 11-inch solid-head crate was used at William- 
son in 1914-15 and at Williamson and Hornell in 1915-16. In every 
case where the partition crate is mentioned, the reference is to the 
standard crate with the ventilated partition in the center. 
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EXPERIMENTS IN 1912-13. 


The celery used in the experiment in 1912-13 was grown at Ark- 
port and stored at Elmira, N. Y. The experimental lots were har- 
vested in the afternoon of October 18, 1912, and shipped the same 
day by express to Elmira. The following morning they were un- 
loaded and stacked in 
the storage house. 
The crates were piled 
five high, with a 2- 
inch scantling _be- 
tween the crates and 
a 2 to 8 inch airspace 
between the stacks. 
The celery was ex- 
amined three times 
while in storage, and 
at the third examina- 
tion, February 13, 
1913, it was graded. 
The results of this 
grading are shown in 
Table I. 

The sound celery 
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was free from disease, Fic. 2.—Partition crate filled with celery. Note the air 


space, which extends to the bottom of the crate. 


or so slightly diseased | 
that very few of the leaves had to be stripped off in preparing it 
for market. The slightly decayed celery consisted of stalks which © 
were diseased and required so much stripping that the bunches were 

small and contained little foliage. The ordinary ratio of the price 

of these two grades would be about 5 to 3. In other words, if a 
bunch of 12 stalks of sound celery sells for 50 cents, a bunch of 

slightly decayed celery would sell for about 30 cents. 


TABLE I.—Relative keeping quality of celery stored in different types of crates, as 
_ ‘imdicated by the number of stalks of the different grades found in the several 
: types stored at Elmira, N. Y., when inspected on February 13, 1913. 


Total Sound. Slightly decayed. 
Type of crate. paver a 
stalks. | Number.} Per cent. | Number. | Per cent. 
DANICA CMe pte eee Macnee em Ane BBE a | 430 305 70.9 125 29.1 
TPR THAUHOTE oe COGS Sy Meda ULE Ge Lp MRO ol PREG | 416 395 94.95 21 5.05 
HOTT. 5; BR SR ee EF a | 200 194 97.0 6 3.0 
{ 


Table I shows that the partition crate contained 24 per cent and 
the 10-inch crate about 26 per cent more sound celery than the 
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standard crate. The difference in the amount of decay in different 
parts of the standard crate was very noticeable, while in the other 
crates there was very little difference. 


EXPERIMENTS IN 1913-14. 


The celery used in the experiment in 1913-14 was grown at South 
Lima and stored at Elmira, N. Y. It was harvested October 29, 1913, 
loaded into a box car the same day, and shipped to Elmira, where it 
was unloaded and put in storage the following morning. The 
weather was cold when this celery was harvested, and it reached the 
storage house in good condition. The crates, 10 in each lot, were 
piled in the house in the same way as those stored in 1912-13. 
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Fie. 3.—Three different types of crates used in the celery storage experiments: The 
14-inch crate on the left, the partition crate in the center, and the 16-inch crate on 
the right. 


After the celery had been in storage about 24 months, half of it 
was sold without grading. Notes, however, were taken on its appear- 
ance, and while none of it had decayed to any considerable extent, 
there was a great deal of difference in the color of the foliage in 
the several crates. The tops of the celery in the standard crate 
had turned yellow, and decay had started in the center of the crate. 
The dealer who handled this shipment stated that the celery in the 
standard crate was worth from 10 to 15 per cent less than that in the 
partition crates and in the smaller crates. 

The remaining five crates of each lot of celery were taken out on 
February 18, 1914, and carefully graded. The results are given in 
Table II. 
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TasLE IIl.—felative keeping quality of celery stored in different types of crates, 
as indicated by the number of stalks of the different grades found in the 
several types stored at Elmira, N. Y., when inspected on February 13, 1914. 


Sound. | Slightly decayed.| Badly decayed. | Worthless. 
Total } 
Type ofcrate. numberof | 
. stalks. Num- Per Num- | Per Num- Per Num- Per 
ber cent. ber. cent. ber. cent. ber. cent. 
| 

Standards. 23-2 .25- 615 230 | 37.4 240 39.0 115 18.7 30 4.9 
Partiiiome. - =... 480 310 65.0 135 28.0 23 5.0 10 2.0 
NESTA 0 es Bae 430 335 | 77.9 78 18.0 17 4.0 0 0 
iv Sit = BYt) 300 | 81.0 60 16.2 10 2.0 0 0 


The celery harvested in 1913-14 was quite small, because a severe 
freeze on September 14 killed the outside leaves, necessitating more 
stripping than usual. Table II shows that the celery was separated 
into four grades. The sound and slightly decayed grades corre- 
sponded to those used in 1912-13. “ Badly decayed” consisted of 
celery so badly diseased that when the stalks were prepared for 
market only hearts remained. ‘“ Worthless” consisted of stalks which 
were completely decayed and therefore a total loss. The standard 
crates contained less sound and more slightly decayed, badly decayed, 
and worthless celery than any of the other crates. The largest per- 
centage of sound celery was in the 14-inch crates, followed by the 
16-inch, the partition, and the standard crates, in the order given. 
Nearly 5 per cent of the celery in the standard crate was. a total loss, 
and over 184 per cent was hearts. 


EXPERIMENTS IN 1914-15. 


In the 1914-15 experiments, the celery was secured from two dif- 
ferent localities, half being grown at Arkport and stored at Hornell, 
N. Y., and the other half being grown and stored at Williamson, 
N. Y. Records were kept to determine the relative development of 
decay in celery in crates in the different tiers. The top tier always 
showed more rot than any other. 

The celery from Arkport and Williamson was grown and handled 
under such different conditions that it seems advisable to give the 
results separately. 

CELERY GROWN AT ARKPORT. 


At Arkport six lots of five crates each were packed, as follows: 


Lot 1.—Standard crate. The celery in this lot was harvested on October 19, 
while still wet after a rain, and hauled direct to a box ear. 

Lot 2.—Standard crate. This celery was harvested on October 19, when dry, 
and left exposed to the sun for about five hours before being loaded into the 
car. 


Lot 3.—Standard crate. 
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Lot 4.—Partition-ventilated crate. 

Lot 5.—16-inch crate. 

Lot 6.—14-inch crate. 

Lots 3, 4, 5, and 6 were harvested on October 20, while the celery 
was dry, and loaded immediately into a box car. The car, which 
was left on the siding until the last of the celery was loaded, was 
delivered to the storage house the same evening, October 20, but it 
was not unloaded until the following afternoon, about 5 o’clock. 
This celery was graded on January 22, 1915, with the results given 
in Table III. 


TasLE II1.— Relative keeping quality of celery stored in different types of crates, 
as indicated by the number of stalks of the different grades found in the 
several lots stored at Hornell, N. Y., when inspected on January 22, 1915. 


Slightly Badly 


Total . decayed. decayed. Worthless: 


Lot No. and type of crate. 


stalks. |Num-] Per |Num-| Per |Num-| Per |Num-| Per 
ber. | cent. | ber. | cent. | ber. | cent. | ber. | cent. 


Ipistan dandeeere sc eceemcteer eens 429 199 | 46.7 193 | 45.3 37 8.0 0 0 
Qstan Gandy Sh 2 vie. sock Bee see 391 167 | 41.7 174 | 46.2 49) 12.1 1 .2 
3) Standard’ 22) ss2e sss eee eee 412 195 | 47.3 195 | 47.3 21 5.0 1 2 
A Mantiloneys Pre ee. hoa eee 348 274 | 78.7 70} 20.1 4 1.1 0 0 
Sy LGM CHa sh sae eae ectane Saas 272 235 | 86.4 37 | 13.6 0 0 0 0 
Gil4-inehye ay sss ee eee ee eS 261 243 | 93.1 18 6.9 0 0 0 0 


Table III shows that there was little difference in the keeping- 
quality of the celery in the first three lots. Lot No. 2, which was 
exposed to the sun for about five hours, had the smallest percentage 
of sound celery. By comparing lots 3, 4, 5, and 6 it will be seen that 
the partition crate and the two smaller crates gave much better re- 
sults than the standard crate. The 14-inch crate gave the best re- 
sults, followed by the 16-inch crate and the partition crate in the 
order given. In the standard crate, less than one-half of the celery 
was sound, while in the 14-inch crate 93 per cent was of that grade. 

Table IV shows the relative keeping quality of celery stored at 
different heights in the Hornell storage house. Each of the six lots 
was piled in a separate stack, five crates high. These piles were 
2 to 3 inches apart, and the crates in each pile were separated by 
2 by 2 inch scantlings. The tiers as given in Table IV included 
one crate from each of the six lots. 

It will be noticed that the celery in the bottom tier kept much 
better than that in any other. At the time the celery was graded the 
top tier contained only about one-third as much sound celery as the 
bottom tier. 

The celery stored at Hornell was held until February 8, 1915, but 
as there had been no other celery in the room for two or three weeks 
preceding that date, it was difficult to maintain the proper tempera- 


CELERY STORAGE EXPERIMENTS. 9 


ture, and the experimental celery was badly frozen. For this reason 
it was not graded a second time. 


Taste LV.—Relative keeping quality of celery stored at different heights in the 
storage room, as indicated by the number of stalks of the different grades in 
each of the five tiers of crates at Hornell, N. Y., when inspected on January 
22" MOS. 


Sound. Slightly decayed.| Badly decayed. Worthless. 
Total | | 
Tier. number of 
stalks. Num- Per Num- Per Num- Per Num- Per 
ber. cent. ber. cent. ber. cent. ber. cent. 
First (bottom)... ..- 428 386 90. 2 41 9.5 0 0.3 0 0 
Secon der. 412 283 68. 7 128 31.0 1 5e) 0 0 
PINTO A SS ee ae 2 426 293 68.8 131 30. 7 2 Ais) 0 0 
Mounthee ce: ee 414 216 2a 195 47.1 3 .8 0 0 
Bifthitop) = 2922. : | 434 135 ole: 192 44.2 105 24.2 2 = od) 


CELERY GROWN AT WILLIAMSON. 


The celery grown and stored at Willhamson was harvested and 
packed in the afternoon of October 23, 1914, and hauled to the storage 
house the same afternoon. This celery was large, free from disease, 
and blanched nearly enough for market. 

Five crates each of five different types were used, as follows: (1) 
Standard crate, (2) partition-ventilated crate, (3) 16-inch crate, (4) 
14-inch crate, (5) 11-inch solid-head crate. 

The crates were of the same length and depth, the difference in size 
being in width only. Each lot of five crates was piled five high, with 
3 or 4 inches between the crates in the piles. The celery was exam- 
ined on January 20, 1915, but was not graded until February 12. 
The results of this grading are given in Tables V and VI. 


TABLE V.—Relative keeping quality of celery stored in different types of crates, 
as indicated by the number of stalks of the different grades found in the 
several types stored at Williamson, N. Y., when inspected on February 12, 
1915. 


Sound. Slightly decayed.} Badly decayed. Worthless. 
Total 
Type ofcrate. {number of 
stalks. Num- Per Num- Per Num- Per Num- Per 
ber. cent. ber. cent. ber. cent. ber. cent. 
Dbandandmene= asso 383 146 38.0 163 42.5 61 16.0 11 3.4 
IPATihOnM sees se oe 334 207 61. 4 102 30.5 20 6.0 5 15 
Gain chee. ho! 260 152 58. 4 89 34.2 14 5.3 5 1.9 
acme ha eee es 229 146 63.7 65 28.0 12 one 6 2.6 
Meinich ere ase = =< 181 116 64.0 53 30.0 ‘9 5.0 3 1.6 


Table V shows that the best results were secured in the 11-inch 
crate and the poorest in the standard crate. The bottom crate in 
lot No. 2 was perfect and brought up the average for that lot. Why 
this particular crate was so much better than any other is not known. 
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The difference between the keeping quality of the celery stored in 
this house and that stored at Hornell is probably due to the condi- 
tions under which it was handled before reaching the storage houses. 
The celery stored at Hornell was shipped from Arkport and had a 
chance to heat before being unloaded, while the celery at Williamson 
was hauled direct from the field to the storage house. 


“Taste VI—Relative keeping quality of celery stored at different heights in 
the storage room, as indicated by the number of stalks of the different 
grades in the several tiers at Williamson, N. Y., when inspected on February 
12, 1915. 


Sound. Slightly decayed.| Badly decayed. Worthless. 
Total ELS He PEL NOT i Dea wens 
Tier. number of | 

stalks. Num- Per Num- Per Num- Per Num- | Per 

ber. cent. ber. cent. ber. cent. ber. cent. 
First (bottom)... . 284 188 62.7 87 30.6 11 4.6 8 2.7 
eCOnd ease ceesios: 273 160 58.6 70 25.6 31 11.4 12 4.4 
UM ithe lees Sees. 268 161 60. 0 84 31.3 17 6.3 6 2.2 
Hounthee sees eee cee 271 147 54. 2 107 39.1 16 5.9 2 ark 
Fifth (top).-...---- 278 111 40.0 124 44.6 41 14.7 2 ard 


The difference between the keeping quality of celery in the bottom 
and in the top tiers was not so great at Williamson as at Hornell, due 
probably to the location of the refrigerating pipes. In the William- 
son house all of the pipes are overhead, while in the Hornell house. 
they are on the side walls and over the alleyways. There is less dif- 
ference in temperature at different heights in the rooms of a house 
with overhead refrigeration than in a house where the refrigration 
is on the side walls and over the alleys. 


- 


EXPERIMENTS IN 1915-16. 


The celery used in the 1915-16 experiments was grown at William- 
son and stored at Williamson and Hornell, N. Y. Both lots of celery 
were grown in the same field, handled in the same way, and harvested 
on October 21, 1915. 

The following types of crates were used both at Hornell and at 
Williamson: (1) Standard crate, (2) partition-ventilated crate, (3) 
16-inch crate, (4) 14-inch crate, (5) 11-inch solid-head crate. 


CELERY STORED AT HORNELL. 


The celery stored at Hornell was loaded into a refrigerator car in 
the forenoon of October 22 and shipped the same day. The car was 
iced on October 20, reiced at Rochester, and reached Hornell on 
October 25, with the bunkers from one-half to two-thirds full of ice. 
The celery was unloaded in the forenoon of October 26 and piled 
immediately. 
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On December 20, 1915, the celery was inspected, with the results 
given in Table VII. The condition of the celery on this date was 
about the same as that of the 1914 crop after being held in storage 
one month longer. 


Taste VIl.—Relative keeping quality of celery stored in different types of 
crates, as indicated by the number of stalks of the different grades found in 
the several types stored at Hornell, N. Y., when inspected on December 20, 
1915. 


| Sound. Slightly decayed.| Badly decayed. Worthless. 


Total SiER 
Type ofcrate. number of 

stalks. | Num- Per Num- Per Num- Per Num- Per 

ber. cent. ber. cent. ber. cent. ber. cent. 
Standard 222... 340 153 45.0 163 48.0 24 7.0 0 0 
PATON: 22 =: ==. 320 246 76.9 70 21.8 4 1h 25S 0 0 
UGSis (Gees ae ae 286 243 85.0 38 13.2 5 1.8 0 0 
PEAITICH ey eee foe 230 207 90.0 22 9.6 1 4 0 0 
Pinch esse 2s 193 168 7.0 21 10.9 4 2.0 0 0 


Table VII shows that the celery in the 14-inch crate kept the best 
and that the three types of small crates and the partition crate gave 
much better results than the standard crate. The celery was left 
in the storage house until January 21, 1916; but as there had been 
no other celery in the room for two or three weeks it was frosted. 

The difference in the keeping quality of celery stored at different 
heights in the Hornell storage room is shown in Table VIII. 


TasLE VIII.—Relative keeping quality of celery stored at different heights in 
the storage room, as indicated by the number of stalks of the different 
grades in the several tiers, at Hornell, N. Y., when inspected on December 20, 
1915. 


Sound. Slightly decayed. | Badly decayed. Worthless. 
| Total | | 
Tier. number of | 

stalks. Num- Per Num- Per Num- Per Num- Per 

ber. cent. ber. cent. ber. cent. ber. cent. 
First (bottom)..... 270 258 95.55 11 "4.08 1 0.37 0 0 
Necondierns ne. 2 276 228 82. 60 47 17.00 1 -36 0 0 
pind eee oe es 268 196 72.10 71 26.50 1 -40 0 0 
Lo) poo ol eee 281 190 68. 60 88 31.30 3 1.10 0 0 
Fifth (top).---...-- 274 145 52.90 97 35. 40 32 11.70 0 0 


It will be noticed that there was considerable difference in the 
keeping quality of the celery in the different tiers. The highest 
percentage of sound celery was in the bottom tier, and the lowest 
percentage in the top tier. The difference, however, was not so great 
in 1915-16 as in 1914-15, due to the fact that there was less celery in 
the room during the latter part of the storage period of 1915-16 
than in the preceding year. 
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The celery grown and stored at Williamson was harvested on 
October 21, hauled direct to the storage house early in the morning 
of October 22, and piled exactly like that in the Hornell house. This 
celery was examined in December, but was not sorted until January 
19, 1916. The temperature maintained in the storage room was not 
as uniform as it had been in 1914-15, so that the celery did not keep 
quite as well. On several occasions there was considerable drip 
from the pipes, and after this the temperature was reduced to below 
the freezing point, which froze the outside stalks. The results of 
the sorting of this celery on January 19, 1916, are given in Table IX. 


TABLE IX.—Relative keeping quality of celery stored in different types of crates, 
as indicated by the number of stalks of the different grades in the several 
types stored at Williamson, N. Y., when inspected on January 19, 1916. 


Sound. Slightly decayed.| Badly decayed. Worthless. 
5; Total b 
Type ofcrate. numberof 

stalks. Num- Per Num- Per Num- Per Num- Per 

ber. cent. ber. cent. ber. cent. ber. cent. 
Standard .........- 334 130 39.9 172 51.5 24 lee? 8 2.4 
RantiilOnee eee 324 200. 61.7 108 33.3 13 4.0 3 9 
16-inch. ._......... 284 176 62.0 91 32.0 14 4.9 3 1.0 
TARIN eG Hee eee 225 150 66. 6 66 29.3 7 3.1 2 9 
ll-inch.......... Pe 191 128 67.0 47 24.6 14 Wee 2 1.0 


Tt will be observed that the highest percentage of sound celery was 
in the small crates, although the partition-ventilated crate gave 
almost as good results. 

The difference in the keeping quality of celery stored at different 
heights in the Williamson storage room is shown in Table X. 


TABLE X.—Relative keeping quality of celery stored at different heights in the 
storage room, as indicated by the number of stalks of the different grades in 
the several tiers at Williamson, N. Y., when inspected on January 19, 1916. 


Sound., Slightly decayed.| Badly decayed. Worthless. 
Total 
Tier. number of l 

stalks. Num- Per Num- Per Num.- Per Num- | Per 

ber. cent. ber. cent. ber. cent. ber. | cent. 

First (bottom)... .. 263 185 70. 4 72 27.3 6 2.3 0 0 

CON GE rere eee 277 190 68. 6 77 27.8 10 3.6 0 0 
Thing chs ees 259 165 63.7 78 30.1 12 4.6 4 1.5 

Hourbhee eee sees 291 154 53.0 116 40.0 15 5.1 6 | 2 

Fifth (top)......... 268 90 33.6 141 52.6 29 10.8 8 | 3 


A comparison of Tables VI and X shows that there was a greater 
difference in the keeping quality of the celery in the top and bottom 
tiers in 1915-16 than in 1914-15. This was probably due to the fact 
that there was more drip from the pipes and more variation in tem- 
perature in 1915-16 than in the preceding year. 
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SUMMARY OF RESULTS. 


COMPARISON OF DIFFERENT TYPES OF CRATES. 


Table XI shows the average percentage of celery of the four grades 
at the end of the storage period in the six types of crates used in the 
experiments. These figures are the averages for the six lots of celery 
used in the experiments during the four years 1912-13 to 1915-16, 
inclusive. 


Taste XI.—Keeping quality of celery, as indicated by the average percentage 
of stalks of the different grades found at the close of the storage period in 
the several types of crates used during the four years, 1912-13 to 1915-16, 
inclusive, 


Grades (per cent). 
Type of crate. ere fe 
ightly adly z 

Sound. decayed. | decayed. Worthless. 
Siam ane acetate ha ce ease ae sere. Saha 46. 25 42. 88 9.0 1.8 
SETAE LO Meee spate ote see sie ie since Selemisiae eiayegic oes aeieiseyed2 2 Ae ee 73.10 23. 12 2.9 ae 
16-inch (for three years only)...--.....----------------- 74.14 22.10 3.18 58 
14-inch (for three years only).. Leap 5S TENS 78. 88 18. 00 2. 28 . 70 
11-inch solid head (for two years only Das EE 5, Se aan Nk 72. 66 21. 83 4,75 . 86 
1O-amcehydornjone; year Only) scscemec-6- 2 -sceees]- codes es 97. 00 S00) |askoeeee sealeeee meee ene 


An examination of Table XI shows that with the exception of 
the 10-inch crate, which was discarded after the first season because 
too small for practical purposes, the highest percentage of sound 
‘celery was in the 14-inch crate, followed by the 16-inch, the partition, 
and the 11-inch solid-head crate, in the order given. It is not quite 
fair to compare the 10-inch crate with the other crates, as it was 
_ used only one year, and in that particular year the celery in all of 
the crates kept better than in any other year. 

The 14-inch and the 16-inch crates were not used the first year 
and the 11-inch solid-head crates were not used the first two years. 
It will be seen that the 11-inch crate did not give as good results 
as the other small crates and the ventilated crates. This was prob- 
ably due to the fact that the 11-inch crate had solid heads, which 
excluded the air on the ends of the crates. It was observed that the 
stalks of celery in the ends of the 11-inch crate showed more decay 
than those in the ends of the crates which had slatted ends. The 
difference in the keeping quality of celery in the various crates is 
probably due to differences in temperature. 

While celery temperature records were not made for all of the 
crates, those secured for the standard and partition crates in 1914-15 
are of interest. The average temperature of the celery in the stand- 
ard crate was 36.2° F. for the storage period (Oct. 24, 1914, to 
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Feb. 8, 1915), while the average for the partition crate was 34.2° 
F. for the same period. It should be noted, however, that these 
averages do not include the temperature for the cooling period 
(Oct. 21 to 24, 1914). Figure 4 shows graphically the rate of 
cooling of the celery in the standard and partition crates. It will 
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Fie. 4.—Diagram showing the drop in the temperature of celery in the standard and 
partition crates during the cooling period, October 21 to 24, 1914. 


be noticed that the temperature of the celery was quite high when 
the crates were placed in storage. This is due to the fact that it 
was shipped in a box car, which was left standing in the railroad 
yards for a day after reaching the storage center. The temperature 
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Fie. 5.—Diagram showing the temperature of celery in standard and partition crates in 
the third tier (6 feet high) and of the air at the same height in the storage room 
during the storage period from October 21, 1914, to February 8, 1915. 


dropped to 36° F. from 67° F. in the standard crate and 65° F. in 
the partition crate in about 60 hours. Figure 5 shows in graphic 
form the temperature of the celery in the standard and in the par- 


tition crates and of the air at the same height for the whole storage 
period of 1914-15. 
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ESTIMATED CASH VALUE OF CELERY WHEN STORED IN DIFFERENT TYPES OF 
CRATES. 


Table XII shows the estimated cash value of 1,000 bunches of 
celery, figured on the basis of the percentages given in Table XI, for 
the different grades of celery in each type of crate used in the experi- 
ments. The prices assigned for the different grades are as follows: 
40 cents per bunch of 12 stalks for sound, 30 cents for slightly de- 
cayed, and 20 cents for badly decayed. Worthless celery consisted 
of stalks which were completely decayed and of no value. While the 
actual merchandising value of all the grades is usually higher and 
the difference between the grades is greater than the figures here used, 
it is believed that the prices assigned will serve for purposes of 
comparison. 


TABLE XII.—EHstimated cash value of the different grades of celery in 1,000 
bunches (12 stalks each) stored in each of the several types of crates, based 
on the percentages given in Table XI. 


Value of different grades. 


en Tnerease 

Type of crate. oue. Overy 
Slightly | Badly | Worth- | Value. | standard 

Sound. ceeyens decayed. | less, crave: 
SHIRTS TGS SE a ee OU ee er $185.00 | $128.64 $18. 00 Op S314) ee eet 
IPA IeION eee eee ovo ec oh one cate caf eae Ses 292. 40 69. 36 5. 80 0 367. 56 $35. 92 
it GaEEIG LP too a Neopets Re Ske 996. 56 66. 30 6.36 0 369, 22 37.58 
PACING Meets a tale Sastre olen ceewets eins 315. 52 54. 00 4.56 0 374. 08 42. 44 
Heinen solid) heads). 22. 520.2525. bk 290. 64 65. 49 9. 50 0 365. 63 33.99 


The value of 1,000 bunches (12,000 stalks) of celery stored in 14- 
inch crates would be $42.44 greater than for the same number of 
stalks stored in the standard crate. This is at the rate of 4.2 cents 
per dozen stalks, or 29.4 cents per crate of seven dozen, the average 
number held by the standard crates used in these experiments during 
the four years. With this yield of 1438 crates per acre, 1,000 bunches, 
the increase. in favor of the 14-inch crate over the standard crate 
would be at the rate of $42.44 per acre, but with a yield of 200 crates, 
which is not considered very high, the increase would be $58.80 per 
acre, even at the prices used in Table XIT. 


COMPARATIVE COST OF CRATES. 


While it must be admitted that the small crates cost more in pro- 
portion to their capacity, this difference is mere than offset by the 
smaller amount of breakage. It is a well-known fact that much of 
the celery stcred and marketed in standard crates is injured by the 
erates being broken in handling. In addition to this loss, the stand- 
ard erates usually have to be repaired or remade before the celery 
reaches its destination, especially when it has been stored. Many 
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counts were made of the broken crates in the storage house, and it 
was found that at least 25 per cent needed to be repaired or remade 
before being shipped from the storage house to the market; in fact, 
in one instance a carload of 168 crates had to be repacked before 
being shipped to market, and 125 new crates were required. The 
condition of these crates when they reached the storage house is indi- 
cated in figure 6. It can readily be understood that these crates 
would be in a much worse condition after being handled three or four 
times at the storage house and at least twice more en route to market. 
They did not, however, survive the handling at the storage house. 


P2487HP 


Fie. 6.—Celery in a refrigerator car as it reached the storage house. “Note the broken 
erates and poor method of loading. This celery was repacked before being shipped to 
market and 125 new crates were used. 


The partition crate gave nearly as good results as the 14 and 16 
inch crates as far as the keeping quality of the celery was concerned, 
but there is the same objection to it as to the standard crate in that 
it is heavy and unwieldy to handle. A crate which is nearly square 
and weighs 125 pounds or more when full is hard to handle, and this 
is one reason why so many slats are broken in loading and unloading 
the filled crates. One crate is often dropped with considerable force 
on another crate, which results in the breaking of the top slats of the 
one or the bottom slats of the other. In hfting the large crates by 
their top slats the slats are often broken or pulled off. A broken 
crate does not stack well in a car or in the storage house, often tipping 
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over in such a way as to crush the celery in the crates below. Much 
of the loss due to the breakage of the crates and the injury to the 
celery can be obviated by the use of smaller crates. The small crates 
are not so wide, and for this:reason are more easily handled. They 
are made of the same material, and as they do not carry as much 
weight as the standard crate, seldom break in handling. 

The average number of stalks of celery per crate in the 25 crates 
of the 14-inch size used in the experiments was 52.2, or 4.35 dozen; 
in the same number of 16-inch crates 61 stalks, or 5.1 dozen; while the 
average for the standard crate was 84 stalks, or 7 dozen. The com- 
parative cost of the crates needed to hold 1,000 bunches (12,000 
stalks) of celery, based on the capacity of the different-sized crates 
as given above and figured at 18 cents for the standard crate, would 
be about as follows: 


143 standard crates, at 18 cents each______________ __ $25. 74 
196 16-inch crates, at 17 cents each CE DN 2 SSN EN SES AN | oy 
230 14-inch crates, at 16 cents each_________ Se OO 1O0 
As already mentioned, the difference in cost in favor of the 


standard crate would be more than offset by the expense of repairing 
them and the loss due to the injury to the celery itself. The ap- 
pearance of the crate often determines the selling price of the celery. 
Tn other words, one lot of celery in good crates often brings from 50 
cents to $1 more per crate than a similar lot in broken and patched 
crates. The time lost in repacking the celery when the crates are 
very badly broken should also be taken into consideration. 

Tt might be argued that the storage charges for the small crates 
would be higher in proportion to their capacity than for the standard 
erates. While this might be true, many storage-house managers 
have indicated a willingness to base their charges on cubic capacity. 
Nearly all of the storage-house men interviewed favor the small 
crates, because they are easier to handle, less hable to get broken, and 
keep the celery in better condition. 

Some growers have said that it would be difficult to sell celery in 
small crates because the trade is accustomed to the large crate and 
their prices are based on the latter. While it is true that most of 
the truck-crop celery grown in the North and in California is 
packed in large crates, all of the Florida celery is put up in small 
crates, 10 or 12 inches wide by 24 inches long. That small crates of 
celery are in demand on the market is evidenced by the sale of a-car- 
load of celery which included 127 large standard crates (22 by 24 
inches) and 56 small (12-inch) crates.t_ These two lots of celery were 
grown and packed by the same grower, stored in the same room, and 


1 The writer is indebted to Mr. Charles P. Russell, of Williamson, N. Y., for the informa- 
tion in regard to this carload of celery. 


; s 
18 BULLETIN 579, U. S. DEPARTMENT OF AGRICULTURE. 


put on the market the same day. The price received for the 127 large 
crates averaged $3.93 per crate, and for the 56 small crates $2.576 
per crate. The grower of this celery was at the New York market 
on January 10, when it was sold, and stated that the buyers seemed 
particularly pleased with the small crates, because of their size and 
the good condition of the celery they contained. The increased price 
received for the celery in the small crates was probably due partly 
to the fact that it was in better condition than that in the standard 
crates and partly to the fact that the small crate was of a more con- 
venient size to handle. The small crate should be in demand for 
restaurants and retail stores. 


COMPARISON OF THE KEEPING QUALITY OF CELERY STORED AT DIFFERENT 
HEIGHTS IN THE STORAGE ROOM. 


No record was made of the difference in the keeping quality of 
celery stored at different heights in the storage room during the 
first two years of the experiments, and as the two storage houses in 
which the celery was stored during the last two years have different 
methods of piping, the results are tabulated separately. In the 
Hornell house the refrigerating pipes are located on the side walls 
near the ceiling and over the passageways, while in the Williamson 
house the pipes are distributed on the ceiling. The results for the 
past two years are given in Table XIII. It should be remembered 
that each tier consists of one crate each of the different types. 


TABLE XIII.—Keeping quality of celery stored at different heights in the storage 
houses at Hornell and at Williamson, N. Y., as indicated by the average per- 
centage of celery of different grades in the several tiers, for the two years, 
1914-15 and 1915-16. 


Grades at Hornell, N. Y. (per cent). Grades at Williamson, N. Y. (percent). 
aie Slightly | Badly | W Slight] l 
ightly adly orth- ightly | Badly | Worth- 
Sound. | decayed. | decayed.| _ less. Sound. | gecayed. | decayed.| less. 
First (bottom) ......- 92.7; 6.79 0.33 0 66. 55 28.95 3.45 1.35 
ECON G pee a sees seas 75.65 24.00 33 0 63.60 26.70 7.50 2.20 
ERnir eee Pan a eee ee 70. 45 28. 60 45 0 61.85 30.70 5.45 1.85 
Mourthse see ee eae 59. 85 39. 20 95 0 53. 60 39.55 5.50 1.35 
Fifth (top)-- 2-22... 42.00 39. 80 17.95 -25 36. 80 48.60 12.75 1.85 


Table XIII shows that there was considerable difference in the 
keeping quality of celery stored in the different tiers at Hornell, the 
bottom tier being the best and the top the worst—in fact, the bottom 
tier contained 50 per cent more sound celery than the top tier. 

A comparison of the figures in Table XIII shows that there was 
not as much difference in the keeping quality of celery stored at dif- 
ferent heights in the storage house at Williamson as there was in the 
Hornell house. The difference in sound celery between the top and 
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bottom tiers in the Williamson house was only about 30 per cent, 
whereas in the Hornell house the difference was 50 per cent. A 
possible reason for this difference is that in the Williamson house 
there was a more even distribution of temperature. It should be 
borne in mind, however, that the results in the two storage houses 
during 1914-15 and 1915-16 are not exactly comparable, as the celery 
was not graded at the same time. The celery stored at Hornell in 
1914-15 was graded on January 22, 1915, and that stored at the same 
place during the past season was graded on December 20, 1915. The _ 
celery stored at Williamson during the two seasons was graded on 
February 12, 1915, and on January 19, 1916. In other words, the 
celery stored at Williamson was kept in storage nearly a month 
longer than that stored at Hornell. It is believed that the drip from 
the pipes in the Williamson house had more influence on the keeping 
quality of celery in the top tier of crates than the temperature. In 
other words, the difference between the celery in the top and bottom 
tiers of crates is due more to moisture in the top tier than to the dif- 
ference in temperature at different heights. It is usually possible to 
so regulate the temperature that there is very little drip from the 
pipes, but during the season of 1915-16 this was not accomplished in 
the room where the experimental celery was stored. During the 
previous storage season the room was dry nearly all the time, and 
there was not a great difference in the amount of decay in the differ- 
ent tiers. There was a greater difference between the amount of 
sound celery in the fourth and fifth tiers than between that in the 
first and fourth tiers, as is shown in Table XIII. 

The figures already given to show the difference in keeping quality 
_ of celery stored at different heights in the storage room do not show 
the variation due to the different types of crates. It seems desirable 
to compare the keeping quality of celery stored at the same heights in 
the different types of crates and at different heights in the same type 
of crates. Tables XIV and XV give these data for two lots of 
celery, one lot stored at Hornell and the other at Williamson, N. Y., 
during the storage period of 1914-15. 

Table XIV shows that there was not a great difference in the dif- 
ferent types of crates in the first tier, except in the partition crate. 
The high percentage of sound celery in the partition crate is due to 
the fact that in the Williamson house the celery in this crate was 
practically perfect, due to some unknown cause. In the fifth, or top, 
tier there was the greatest difference in the keeping quality of celery 
in the various types of crates. The partition crate contained 44.2 
per cent more sound celery than the standard crate, the 16-inch crate 
61.1 per cent more, and the 14-inch crate 76.9 per cent more. The 
standard crate contained a much larger percentage of badly decayed 
celery than any of the other crates. 
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TABLE XIV.—Keeping quality of celery, as indicated by the average percentage 
of stalks of the different grades found in the several types of crates stored 
at different heights in the storage room, for two lots, at Hornell and William- 
son, N. Y., respectively, in 1914-15. 


Grades of two lots (per cent). 


Tier and type of crate. 
Ronin Slightly | Badly | Worth- 
, * | decayed. | decayed.| less. 
First (bottom): 
64.9 30.0 2.6 2.6 
96.7 3.3 0 0 
Wet. 17.6 2.8 1.8 
79.6 16.5 1.9 1.9 
56.7 34.6 7.2 3} 
69.6 21.6 5.6 3.2 
ea 23.0 ai) 1.8 
74.0 18.0 6.0 2.0 
50.0 43.2 6.2 ao 
74.0 24.4 - 76 - 76 
77.0 20.2 1.8 9 
82.3 11.4 4.1 A 
38.9 53.7 6.2 |* 1.2 
59.5 37.4 3.0 0 
69.4 28.6 2.0 0 
78.1 21.9 0 0 
Fifth (top): 
SLANG ALG > Foss eo Rhee ES eee eed ee ae zy pa dap. 6.2 63.0 29.0 152 
PP AT Ui OTS pane Paar ean ek Na Sie en) Sap ees Ws Loa 50.4 41.3 8.4 0 
AGN CHRE ee Pre Ce ey ge: Apes hoe ee ee ees WA ae eee mee (3 20 67.3 29.9 2.8 0 
TESTA Ye Sas CE ee ee ee Se ae ee Se ene aera see 83.1 16.8 0 0 


TABLE XV.—Keeping quality of celery, as indicated by the average percentage 
of stalks of the different grades found at different heights in the storage 
room when stored in the several types of crates, for two lots, at Hornell ané 
Williamson, N. Y., respectively, in 1914-15. 


Grades of two lots (per cent). 


Type of crate and tier. Sei er ae 
ghtly adly orth- 
Sound. decayed. | decayed. less. 
Standard: 
MTS i (bOLbOM)) pease ee eeeeee nts Spe Sere = SERN Soa he eee 64.9 30.0 2.6 2.6 
56.7 34.6 ae) 1.3 
50.0 43.2 6. 2 -6 
38.9 53. 7 6.2 1.2 
6.2 63.0 29.0 le 2 
96.7 3.3) 0 0 
69.6 21.6 5.6 37 
74.0 24.4 . 76 -76 
59.5 37.4 3.0 0 
WilT HN COp) egemsetecicisec se ack cles mee See sea Sace oem ees ees 50. 4 41.3 8.4 0 
16-inch: | 
TPES tA ((DO THO TI) reeset eves se Cerne ee ae ch Sed ee ere Tees 17.6 2.8 1.8 
CONG tare PRE EL AES EL Cope eee Ere ate) Pee 71.7 23.0 35 1.8 
PANY BLE | Re TP ae 2 AN I ae SR FR Nh Me ILI PS 2 Se 77.0 20. 2 1.8 9 
1 OOS Dr) 01 ok PR ak WE YE NAS ean eS ees Pee Ss Barby Sse 69.4 28.6 2.0 0 
EHTEL CLOP) eee ee ee ee oe eck ne ES ERS | a Se 67.3 29.9 2.8 0 
14-inch: 
1 OVASY Bi (004 (0) 601) Re Se eee AY eS fee 79.6 16.5 1.9 1.9 
OCOnGES 0s UHULESEL OSE CRAG POSSE Ree eS AT tee Ree op ek 74.0 18.0 6.0 2.0 
AWG a0 | Bes eae ae Re Bg 8 Oe ci eS TT 82.3 11.4 4.1 Pel 
HOUNE HET B44 ease Sa ees cts Ce ee eS. ee Pee ae 78.1 21.9 0 0 
MITES CLOD) eae eee eek Oe ie ee en 7 Mey. DRO) De ae 83.1 16.8 0 0 


An examination of Table XV shows that the ereatest difference in 
the keeping quality of celery between the top and bottom tiers was 
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in the standard crate. The bottom tier contained 64.9 per cent of 
sound celery and the top tier only 6.2, a difference in favor of the 
former of 58.7 per cent. A study of Tables XIV and XV shows 
that the great difference in the keeping quality of celery stored -at 
different heights, as shown in Table XIII, is due largely to the 
standard crate. In other words, with the small crates and the 
partition crates the difference between the different tiers is not great. 

The difference in the keeping quality of celery at various heights 
in the storage room and in the several types of crates is probably 
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Fic. 7.—Diagram showing the temperature of celery in the center of standard crates at 
different heights in the storage room, during the storage period from October 26, 1915, 


to January 21, 1916. 


due to differences in temperature. Figure 7 sh 
difference in the temperature of celery in the standard crates stored 
at different heights in the storage house in 1915-16. The tempera- 
ture was recorded by means of air-soil thermographs, the soil bulb 


being placed in the center of the crate. 


ows graphically the 


Table XVI shows the 


“average temperature of the celery in the standard crates and of the 
air at different heights in the storage room for the storage period 
from October 26, 1915, to January 21, 1916. 


TABLE XVI.—Average temperature of celery in the standard crates and of the 
air in the storage house at Hornell, N. Y., from October 26, 1915, to January 


ile aS May, 
Temperature (°F.). 
Tier. 
Ofcelery.| Ofair. 
| -IMies (i@iin) Voatee. Jane Saat tee 65 5e eee eee MME. 2 5 6e a Coens ate ae aes 33.9 31.6 
LE ee eee Ree Ura eri hese Yas le Ss 2 oa a ee bee Sanen oh 35.8 32.8 
THEN (U0) 0))o.ccoeS Se OeUe Gea E Cee Dee att ae eee 5 tee. See eee Ee 6.6 33.8 


Table XVI shows that the average temperature of the celery in 
the third tier was 1.9 degrees higher and that in the fifth was 2.7 
degrees higher than that in the first tier. The temperature of the air 
was 1.2 degrees higher in the third and 2.2 degrees higher in the fifth 
tier than in the first tier. By comparing the air temperature and the 


22, BULLETIN 579, U. S. DEPARTMENT OF AGRICULTURE. 


celery temperature at the same heights in the room, it will be seen 
that the celery averaged 2.7 degrees higher than the air. Figure 8 
shows graphically the air temperature at different heights in the 
storage room for the storage period, October 26, 1915, to January 
21, 1916. 
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Fic. 8.—Diagram showing the temperature of the air at different heights in the storage 
room during the storage period from October 26, 1915, to January 21, 1916. 


Table XVII shows the average temperature of the celery in the 
standard and partition crates at the same height (third tier) and 
the air temperature at different heights for the storage period of 
1914-15. 


= 


TABLE XVII.—Average temperature of celery in standard and partition crates. 
at the height of the third tier and of the air at different heights in. the 
storage house at Hornell, N. Y., for the storage period of 1914-15. 


Air tem- 


Celery tem- 
Tier. perature at Type of crate. an 
tere (third tier) 
heights. 
SoHE PIR, 
Hurst (bottom) =. 3-2 ss-2--- eae BP hohe ate Sy ao Se 5 olen |petangardees)) a .se2 36.2 
PT inde se ene cia atone Se ee eae os SE eae S coms Beal || leka pinoy a ee 34.2 


Table XVII shows that the average air temperature at the height 
of the third tier was 0.6 of 1 degree higher and at the height of the 
fifth tier 2.4 degrees higher than at the height of the first tier. The 
average temperature of the celery in the standard crate was 2 de- 
grees higher than that in the partition crate and 4.1 degrees higher 
than the air at the same height (fig. 5). Figure 9 shows graphically 
the air temperature at different heights in the storage room for the 
storage period, October 21, 1914, to February 8, 1915. 

The rate of cooling of celery in standard crates at different heights 
in the storage house in 1915-16 is shown in figure 10, which indicates 
that the temperature began to drop in the bottom crate sooner than 
in the third-tier and top crates. A comparison of figures 4 and 10 
shows that the temperature of the celery placed in storage October 
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21, 1914, was higher than that stored in the same house on October 
26, 1915. The latter lot of celery was shipped to Hornell in a re- 
frigerator car which had been iced before loading and was reiced in 
transit, while the 1914 lot was shipped in a box car and became 
somewhat heated -before being unloaded. 

While the temperature records given in this paper are not as 
complete as desired, a study of all the charts in connection with the 
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Fic. 9.—Diagram showing the temperature of the air at different heights in the storage 
room for the storage period from October 21, 1914, to February 8, 1915. 


keeping quality of celery in different types of crates and at dif- 
ferent heights in the storage house shows quite clearly that there is 
a close relation between the temperature and the deterioration of 
the crop in storage. It will be noticed that the temperature was 
higher in the standard crate than in the partition crate (figs. 4 and 
5) and that the celery and air temperature near the top of the room 
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Fic. 10.—Diagram showing the drop in the temperature of celery in the center of stand- 
ard crates at different heights in the storage room for the cooling period, October 26 
to 30, 1915. Note that the temperature in the bottom crate began to drop almost 
immediately. 


was always higher than near the bottom of the room (figs. 7 and 8). 
In every instance the largest proportion of decay was where the 
temperature was the highest. For this reason celery should be stored 
in crates in which there is the least difference between the air and 
celery temperature. In a large crate without a ventilator the tem- 


94 BULLETIN 579, U. S. DEPARTMENT OF AGRICULTURE. 


perature of the celery in the center usually is several degrees higher 
than the temperature of the air. In the standard crate, 22 inches 
wide, the center of the celery is 11 inches from an air space, while 
in a crate 14 inches wide the center of the celery is only 7 inches 
from an air space. 

The cold air being heavier than the warm air it neal falls to 
the low levels and the warm air rises. An artificial system of circula- 
tion tends to equalize the temperature and prevents the formation of 
cold-air pockets. In most storage houses, the aim is to maintain a 
temperature of about 32° F.: but as the thermometers are usually 
placed a few feet from the floor they do not record the temperature 
near the top of the room, near the floor, or in the corners. Often 
when the thermometers register 32° F. the actual temperature at the 
height of the top tier of crates is 35° or 36° F, and near the floor and 
in the corners of the room the temperature is 2 or 3 degrees below the 
freezing point. The aim of the manager of the storage house should 
be to equalize the temperature and keep it as low as possible without 
allowing the celery to freeze severely. Slight freezing does no dam- 
age if the temperature is not raised quickly above the freezing point. 
In most storage houses, a temperature which does not freeze the out- 
side stalks of celery in the lower tiers of crates is too high to maintain 
the celery in the top tiers in a satisfactory condition. 

It is suggested that thermometers be placed at different Heiaie: 
throughout the storage rooms, in the corners as well as in the center 
passageways. All of these thermometers should be tested, and when 
the temperature shows much variation in the different parts of the . 
room the air should be set in motion. This can be done by using fans 
or blowers, or by opening doors on opposite sides of the room when 
the outside temperature is about the same as the temperature in the 
storage house. Some houses are equipped with suction fans which 
draw off the warmer air at the top of the room. Cold air is then 
forced in. 


SUMMARY. 


Celery is one of the important truck crops grown in the United 
States, having a farm value in 1909 of $3,922,848. 

Six States—New York, Michigan, Massachusetts, Ohio, Pennsyl- 
vania, and New Jersey—produce about two-thirds of the celery crop, 
and a considerable portion of this is stored for a period of one to 
three months. 

The old method of storing celery in the field and in houses of the 
cellar and semicellar type is not satisfactory, because temperature and 
moisture conditions can not be controlled. 
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The storage of celery in cold-storage warehouses is a compara- 
tively new undertaking, and for this reason very little definite infor- 
mation is available on the subject. 

In preliminary studies it was observed that celery stored in the 
large crates always began to decay in the center, and also that there 
was considerable injury to the celery due to the breaking of the crates. 

As the celery decayed worse in the center of the crate than else- 
where, small crates and ventilated crates were used in the experi- 
ments. In every instance the decay was much less in the small and 
partition crates than in the standard crates. 

Of the crates used during two or more years, the 14-inch crate 
gave the best results, followed by the 16-inch crate, the partition 
crate, and the 11-inch solid-head crate, in the order given. 

The estimated value of 1,000 bunches (12 stalks each) of celery 
stored in the different types of crates is $331.64 for the standard 
crate, $367.56 for the partition crate, $369.22 for the 16-inch crate, 
$374.08 for the 14-inch crate, and $365.63 for the 11-inch solid-head 
crate. 

The small crates cost a little more than the standard crate in pro- 
portion to their capacity, but this is more than offset by the smal!ler 
percentage of breakage. 

The small crates are preferred by many storage-house managers 
and handlers of celery because of the ease of handling and the smaller 
amount of breakage. 

In a market test made in January, 1916, celery in small crates sold 
for a much higher price than similar celery in standard crates 
handled in exactly the same way. 

Celery in the top tier of crates showed a much larger proportion of 
decay at the end of the storage period than that in the lower tiers. 

There was a greater difference in the keeping quality of celery in 
the different tiers where the standard crate was used than where the 
other crates were employed. 

The difference in the keeping quality of celery in the different 
types of crates and at various heights was probably due to the differ- 
ence in temperature and rate of cooling. 

The air temperature at the height of the fifth tier averaged 2.4 
degrees higher than at the height of the first tier during the storage 
period of 1914-15. The temperature of the celery in the standard 
crate averaged 2.7 degrees higher at the height of the fifth tier than 
at the height of the first tier during the storage period of 1915-16. 

The temperature of the celery in the standard crate averaged 2 
degrees higher than in the partition crate and 4.1 degrees higher than 
the air at the same height. 
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In most storage houses the temperature is recorded by means of 
thermometers placed a few feet from the floor. These do not show 
the temperature near the ceiling. 

In many instances, when the thermometers register 32° F. within 
4 feet of the floor the temperature is 35° to 36° F. near the ceiling. 

Thermometers should be placed at various heights in the storage 
room and in the corners as well as in the passageways. When there 
is much variation in temperature in different parts of the room the 
air should be set in motion. 
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IMPORTANCE OF PROTECTING PINE REPRODUCTION. 


The best summer forage in Arizona and New Mexico is found 
among the open stands of yellow pine, mainly at elevations above 
6,000 feet, and covering more than 8,800,000 acres, or 6 per cent of 
the total area of the two States. (See map, fig. 1.) Every economic 
consideration requires that this forage, one of the region’s most 
important resources, should be converted into meat. At the same 
time, it is important that this should be done with the least possible 
injury to the yellow pine, which is by far the most important timber 
of the Southwest. In many places the tree is not reproducing satis- 
factorily, hence it is very necessary to protect the young growth 
(which in any event has to contend with severe winters, dry springs, 
and parasites and insects) from damage by stock. 

The problem is especially important in the National Forests, 
which are created primarily to conserve the timber supply and to 
protect the vegetative cover on the watersheds. “In the Forests is 
the bulk of the yellow pine in Arizona and New Mexico, and on the 
National Forest range ate grazed approximately 30 per cent of all 
the range stock in the two States. Stock use the Forest range mainly 
during the summer, from April to November. 

This bulletin presents the results of a study to determine the 
character and extent of the damage to young growth of western 
yellow pine in the Southwest from the grazing of live stock, and to 
find out the best means of keeping such damage at a minimum while 
permitting proper utilization of the range. 
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Fig. 1.—Yellow pine in Arizona and New Mexico. 


SCOPE AND METHOD OF STUDY. 


An intensive study was made on the Coconino National Forest, 
in the north-central portion of Arizona, where grazing and timber 
conditions are typical of the forests of the Southwest, and where 
the problem of securing satisfactory timber reproduction is often 
serious. This was supplemented by general observations, covering 
a period of two years, on other Forests in Arizona and New Mexico. 
The observations were confined chiefly to the yellow-pine type, but 
for purposes of comparison some observations were made in the 
Douglas fir and pifon-juniper types. 

Early in the season of 1910 a preliminary reconnaissance was 
made on the Coconino Forest. This was followed during that year 
by a detailed study, in which observations were made upon 150 plots. 
Further observations were made in 1912 on additional plots. - Alto- 
gether 250 plots were observed within a radius of 25 miles of Flag- 
staff, in the heart of the Forest. 

The plots were located so as to include the following range condi- 
tions: 


(1) Areas embracing all conditions of range normally grazed by 
different classes of stock. 


(2) Areas embracing all conditions of range overgrazed by dif- 
ferent classes of stock. 


(3) Areas supporting a good stand of forage normally grazed by 
all classes of stock. 


(4) Areas supporting a poor stand of forage normally grazed by 
all classes of stock. 


(5) Areas supporting chiefly bunch grasses, grazed by different 
classes of stock. 


(6) Areas where cattle congregate. 
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(7) Areas where sheep congregate, 7. ¢., along driveways and on 
bed grounds. 

The plots were selected where representative rather than abnormal 
injury was in evidence. In order to secure maximum results from a 
limited amount of work, the plots were located where the stand of 
seedlings was fair to good. They were laid out in quadrangles, vary- 
ing in size from 10 feet by 30 feet to 30 feet by 90 feet, depending 
upon the size and density of reproduction. 


All seedlings and saplings of a size subject to grazing were 
counted. An ‘attempt was made at first to classify the damage ac- 


cording to such divisions as “ leader destroyed,” “ needles removed,” 
etc., but it was found that this did not give an accurate idea of the 
amount of damage actually done without a great deal of qualification. 
For this reason, it was decided to base the classification upon the 
permanent effect upon the development of the tree which, in the opin- 
ion of the observer, the damage would cause. Plants on which the 
leader, side shoots, and needles had been so severely grazed that the 
growth of the plant would be seriously interfered with for at least 
a number of years, were classed as “injured.” Where the damage 
was not so severe, but if continued would seriously interfere with the 
development of the tree, the plants were classed as “severely 
browsed.” Where the damage was severe enough to interfere to a 
very considerable extent with the development of the tree for a period 
of from one to three years, but not so severe as to affect its ultimate 
development even though the usual amount of damage were to con- 
tinue, the tree was classed as “moderately browsed.” Where the 
damage was so slight that its effect would not be noticeable after the 
current year, the plant was classed as “ lightly browsed.” 

The trees were classified according to height by ocular estimate as 
follows: 


ES CMONVAECHBUIN CLIC Beer es teat on Net Pg PST EY Ee mkt irae Seedlings. 

6 inches to 1.5 feet_____- a De OREN tS 1-foot class. 

Th) TESTE, HCPA CSS ee ee eee 2-100t Class: 
PAGRreeLnbOrs-0 1eetas= is a a eS Sa? eee ee 3-foot class. 

3.6 feet -to 4.5 feet__--_-______ Pai os i Ses eee 4 OOt: Class: 

SelB, TRIE (BO gD SS a a ee ee er pee eg ie ee 5-foot class. 

5.6 feet to as high as were subject to grazing_____________ Above 5-foot class. 


Four examinations were made in 1912 and in 1913 at intervals 
during the grazing season to show the amount of seasonal damage. 
The first examination was made during May, to record the amount 
of damage at the beginning of the grazing period; the second ex- 
amination was made early in July, to indicate the amount of damage 
that occurred during the spring dry period; the third early in Sep- 
tember, to determine the amount of damage done during the best 
growing period; and the fourth early in November, at the close of 
the grazing season, to record the damage done during the fall drying 
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period and also the total amount of damage during the entire graz- 
ing season. An examination was made also at the close of the 1914 
grazing season. Thus data on seasonal damage are available for two 
years, and data on total annual damage for three years. 

A supplemental study was undertaken in 1912 to determine the 
effects of protection from grazing upon the establishment, growth, 
and recovery of yellow-pine reproduction, and incidentally of forage 
plants. In each of five areas subject to close grazing and represen- 
tative of soil classes and forage types in the western yellow-pine 
belt, 2-acre plots were fenced so as to exclude all grazing. Check 
plots, established in the immediate vicinity of the fenced plots, were 
left to the usual amount of grazing. The height and spread of 
crown of the young trees within the plots were measured, and the 
location of each tree was recorded. In addition, the severity and 
probable date of past grazing injuries were noted. These data were 
secured in 1912, 1913, and 1914. It is planned to repeat the exami- 
nation every third year until a period of 10 years has elapsed, or 
until conclusive results are obtained. 


EXTENT OF DAMAGE TO WESTERN YELLOW-PINE REPRODUC- 
TION FROM GRAZING. 


AVERAGE ANNUAL DAMAGE. 


> 


The average annual damage to western yellow-pine reproduction 
due to grazing under existing practice is shown in Table I. The 
figures are those obtained during the final examinations at the 
close of the grazing seasons of 1912, 1918, and 1914. It will be seen 
that 42 per cent of the total number of trees observed are damaged 
to some extent annually. 


TaBLE I—Annual damage to western yellow-pine reproduction from grazing. 


Browsed. 
Number Injured. ; 
Year. of pices Severely. Moderately. Lightly. 
served. af 

Num- | Percent] Num- | Percent} Num- | Per cent} Num- | Per cent 
ber. | oftotal.| ber. |oftotal.| ber. | oftotal.| ber. | of total. 

GTQ ye Cees on 8, 945 853 9.5 1, 035 11.6 2,240 25 896 10 
19 EO 8,945 492 5.5 871 9.7| 1,301 14.5 915 10.2 
ORE ee sePe sede ssn Bee 8,945 448 5.0 589 6.6 698 7.8 382 4.3 
Average annual. -. 8, 945 598 6.7 832 9.3 1,413 15.8 731 8.2 
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TABLE I1—Annual damage to western yellow-pine reproduction, etc.—Continued. 


Rubbed. 
aac Dead. 
Year. of trees | Severely. Moderately. Lightly. 
lee 
ee Num- | Percent} Num- | Percent} Num- | Percent) Num- | Per cent 
ber. | oftotal.| ber. | oftotal.| ber. of total.| ber. | of total. 
Te eee ee ee 8,945 10 0.1 5 0.1 1 0.0 50 0.6 
TRONS as See Aa re Sn 8,945 6 46 55) 20 “83 94 1.0 
1S Se es ee 8,945 125 1.4 36 4 1 -0 105 1.2 
Averageannual...| 8,945 63 7 29 -3 7 1 83 9 


In order to arrive at the number of trees damaged to such an ex- 
tent as seriously to retard their growth, it is necessary, under the 
plan of classification, to include only the injured, the severely 
browsed, and the severely rubbed trees. Estimated on this basis, 
1,493 trees, or 16.7 per cent of the total number examined, are sub- 
ject to severe damage by grazing. It is this class of damage, rather 
than the total damage, that is of serious importance. 

It is believed that the figures given represent fairly the actual 
damage over approximately one-half of the yellow-pine type on the 
Coconino Forest and that similar damage will occur elsewhere under 
like conditions. Conditions under which the damage is greater or 
less than the average are pointed out in the later discussions. 


DAMAGE BY HEIGHT CLASSES. 


The extent of damage done to trees of different sizes is shown in 
Table II. ; 

The conclusions drawn from this table are that damage is most 
severe in the seedling class and gradually shades off as the plants 
increase in size; that injuries and serious browsing constitute nearly 
all of the important damage to trees below 3.5 feet high, but that 
above this hetght most of the serious damage is due to rubbing, which 
becomes more acute with increase in height up to 5.5 feet. 

Figure 2, which is constructed from the data in Table II, shows 
graphically the basis for these conclusions. 


TABLE II1.—Damage by height classes. 


Height class. 


Num- 7 
ber of | Character of injury. 
trees. 


Seedlings... ....-..--- 


1-foot class......----- 


2-foot class....---..-- 


3-foot class...-.------ 


4-foot class..-----.--- 


5-foot class...-.------ 


Above 5-foot class. - -- 


Tinie dey etaeryareltarsteaat= 
Severely browsed. .... 
Moderately browsed... 
Lightly browsed...--. 
Severely rubbed. ..... 
Moderately rubbed... .. 
Lightly rubbed. .....- 


Injunedes cena enter 
Severely browsed. .... 
Moderately browsed... 
3, 294 || Lightly browsed.....- 
Severely rubbed. ....-. 
a Moderately rubbed... - 
Lightly rubbed....... 


Injured? occ kee 
Severely browsed. .... 
Moderately browsed... 
Lightly browsed...... 
Severely rubbed...... 
Moderately rubbed... 
Lightly rubbed....... 


Injured. .............. 
Severely browsed. .... 
Moderately browsed... 
Lightly browsed ...... 
Severely rubbed...... 
Moderately rubbed.... 
Lightly rubbed....... 


Injunediyecceae ace eeeee 
Severely browsed. .... 
Moderately browsed... 
Lightly browsed...-... 
Severely rubbed...... 
Moderately rubbed... . 
Lightly rubbed. ...... 


Injured. ..-..-. aeons 
Severely browsed. .... 
Moderately browsed .. 
Lightly browsed. ..--- 
Severely rubbed. -...-. 
Moderately rubbed.... 
Lightly rubbed. .....- 


Injured......-...-.--.- 
Severely browsed. ..-- 
Moderately browsed... 
Lightly browsed....-- 
Severely rubbed... .-. 
Moderately rubbed... . 
Lightly rubbed. ...-..- 


2, 153 


———— 


1, 468 


——— 


1,212 


a 


324 


293 


ee OOOO 


201 
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Damage. 
Average for three-year 
Year. period. 
Per cent of 
total trees in 
each class. 
. cola 
1912 | 1913 | 1914 ieee 
dant Dam- | Severe 
BoGe age dam- 
of all age 
classes. | only.t 
Num- | Num- | Num- | Num- 
ber. ber. ber. ber. 
272 152 131 185 9 |; 
322 352 143 272 i, 
166 212 43 140 7 
91 121 19 77 4 21 
385 232 203 273 8 
365 365 229 320 10 
553 587 301 480 14 
293 351 119 254 8 18 
135 69 81 95 6 
195 75 125 132 9 
356 212 154 241 16 
207 159 54 140. 11 15 
ee 1 1 14) sap es 
eee ee Aa See ecrers | matcieciente |aeieetence 
55 37 32 41 3 
104 73 96 91 8 
238 229 156 208 17 
165 183 84 144 12 12 
2 23 26 17 1 
1 6 4 eee oe Bee 
chs ee ere aA eaeioees Wi eet Cae 
5 1 il 2 1 
11 9 11 10 3 
35 30 29 31 10 
89 73 42 68 21 
3 9 40 17 5 
whl ohis 7 3 3 1 
TO SRE OSEE ee aaeee a Bocmaned Weeaneo ae 
3° 2 5 3 1 
21 20 14 18 7 
40 36 42 39 15 9 
20 18 35 24 9 
9 7 6 7 3 
2 Si leesieeaise 2 1 
1 aS eee ae HD cee are 
Bpteeracie 1 1 1 el ee co oreaes 
72 16 21 20 10 6 
12 9 14 12 6 
25 20 22 22 11 
9 DA ern reysee 7 3 


1 Determined by adding per cent injured, 


severely rubbed. 


per cent severely browsed, 


and per cent 
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DAMAGE BY PERIODS. 


To determine the damage caused during different periods of the 
grazing season, four examinations were made of all plots during the 
seasons of 1912 and 1913. The first examination was made at the 
beginning of the grazing season; the second early in July at the 


ass 
8 


Percent of Trees in each Cl; 
3 


Damage - 


Bae of Sek toni ge hey ee 


Fig. 2.—Extent of damage to reproduction of different heights. 


close of the early summer drought; the third in the fore part of Sep- 
tember, following the period of maximum plant growth; and the 
fourth early in November at the end of the grazing season. Results 
for the two years are summarized for the respective periods in 
Table III. 
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TABLE III.—Periodic. damage. 


Period. Per cent | Average | Average 
oftrees | per cent | Por ver 
Total | found | oftrees | so mnced 
on Nee Year. es demaped damaged Se ree 
F egin- umber observed.| at eac eac 
No. of period. | “jing | Ending. | of weeks, exami- | grazing rs ee 
nation. | season. Reson 
RT et Me 8,945| 0.3 
yt ee oe Apr. 15 | May 20 5 [J1918...-.------ ope 2 0.35 0.07 
Average. 8,945 35 
1912 te 8,945 | 14.0 
Second........- May 21| July 8 7 os seeeeeeeeee BED | zee 17.6 2.5 
Average. 8,945 18.0 
1912. cobs. ae 8,945 | 35.0 
Third.......... July 9 | Sept. 12 g ls. ---- == 2 ee) 17.5 1.9 
Average. 8, 945 35.5 
191 eek 8,945 | 46.0 
Hourth sees. se Sept.13 | Nov. 6 8 1913 potas sia we ne BD 7.5 5) 
Average. 8,945 43.0 | 


The observations indicate that the greatest amount of damage 
occurs during the latter half of June and early in July, or during 
the severest portion of the early summer dry period, and that the 
least damage occurs during the first few weeks of the grazing period, 
or before June 1. A considerable amount of damage occurs during 
the main growing season and a smaller amount during the fall drying 
period. 

The fact that a relatively small amount of damage occurred during 
1914, which was unusually favorable for the growth of forage, gave 
support to the theory that the severity of damage varies inversely as: 
the amount of succulent feed available. The record of periodic 
damage, however, indicates that there is an important factor besides: 
the amount of available succulent forage which determines the 
severity of damage. This is believed to be the condition of the cur- 
rent year’s growth of pine shoots. All observations substantiate the 
belief that, except in unusual cases, stock will not injure coniferous 
shoots of a previous year’s growth. It has been noted particularly 
that during the early summer practically no damage occurs until new 
shoots appear, and that damage in any year is confined largely to 
that year’s growth. Yellow-pine vegetative buds start active growth 
on the Coconino Forest about May 15, and by June 20: have formed 
succulent shoots with well-developed needles. From that time until 
about the middle of August the shoots are tender and more palatable 
than at other periods. Thus the season of best forage growth is also 
the period when yellow-pine shoots are most palatable. This and 
the probability that during the severe spring dry period stock develop 
a taste for the pine shoots which continues during the early portion 
of, the summer growing period may explain the rather severe dam- 
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age that continues through the season of abundant forage growth. 
The fact that the needles and stems become tough and therefore less 
palatable by September seems to account for the relatively little 
damage that is done during the fall period, when ordinary forage 
becomes dry and usually is closely grazed. 

In 1912 the time of making the first count extended until early in 
June and in the preliminary study during 1910 until June 20. In 
neither of these counts was serious damage recorded. In view of 
this fact and of the indications based upon phenological observa- 
tions, it is safe to say that very little serious damage is done to the 
reproduction before the middle of June. 


FACTORS INFLUENCING DAMAGE. 
INTENSITY OF GRAZING. 


Casual observations indicate that the amount of damage to repro- 
duction is greater on heavily grazed areas than on those lightly 
grazed. In order to determine the extent to which this apparent 
relation holds and the intensity of grazing which may be permitted 
without causing an undue amount of damage, plots were observed on 
ranges representing various degrees of utilization. 


NORMAL GRAZING. 


Normal grazing, as the term is used here, implies that the class 
and number of stock are well adapted to the character and amount 
of forage. 

Observations during 1912, 1913, and 1914 on 92 plots, representing 
a variety of forage types on ranges normally grazed by sheep, cattle, 
and horses, showed that out of a total of 3,352 trees an average of 
126 were injured, 258 were severely browsed, and 1,023 were moder- 
ately to lightly browsed each year. Thus 384 trees, or 11 per cent 
of the entire number, were severely damaged. 

Observations on 14 plots, containing 571 trees, on ranges normally 
grazed by cattle and horses only, showed no trees injured during the 
three-year period, none severely browsed, and only 11 moderately to 
lightly browsed. The number of plots in this series is perhaps 
insufficient to form the basis of general conclusions, but extensive 
observations elsewhere bear out the belief that cattle and horses, 
- under proper conditions of grazing, do a negligible amount of 
damage to forest reproduction. 


OVERGRAZING. 


By overgrazing is meant grazing by an excessive number of 
stock, with consequent injury to the palatable forage. Of 1,792 
trees on two plots or ranges overgrazed by all classes of stock, an 
average of 298 were injured annually, 335 were severely browsed, 

A90K°—_17—RBull. 5230-2 
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and 474 were moderately to lightly browsed. Thus 633, or 35 per 
cent of the total number, were subject to severe damage. 

Of 522 trees on 14 plots on an overgrazed range open to cattle 
and horses only, an average of 11 were injured annually, 55 were 
severely browsed, and 194 were moderately to lightly browsed. Thus 
66 trees, or 13 per cent of the total number, were subject to severe 
damage. This injury is not excessive in itself, but when compared 
with the negligible injury which cattle and horses cause on nor- 
mally grazed areas, it forms an additional reason for insisting upon 
the protection of the range against overgrazing, especially on areas 
where all of the established reproduction is needed. 

The general conclusions from these observations are: (1) That 
on ranges properly grazed by sheep as well as by cattle and horses, 
a very considerable amount of damage occurs, but that where only 
cattle and horses graze under such conditions a negligible amount 
of damage results; and (2) that where overgrazing occurs serious 
damage is caused by any class of stock. 


DENSITY, AMOUNT, AND CHARACTER OF FORAGE. 
DENSITY OF FORAGE. 


Since the intensity of grazing has a direct relation to the severity 
of the injury to tree reproduction, the inference might be drawn 
that on a range supporting a scattered stand of forage plants the 
percentage of trees damaged would be materially greater than on 
a range where the stand of forage is good. In order to determine 
whether this is so, observations were made on ranges where the 
average density of forage plants was less than two-tenths, and on 
ranges where the average density was four-tenths of the ground 
surface. The plots were selected as representing all degrees of graz- 
ing. On 39 plots supporting a good stand of forage and 1,010 trees, 
31 trees were injured, 119 were severely browsed, and 255 were mod- 
erately to lightly browsed. Thus 150, or 15 per cent of the total, 
were subject to severe damage. On 92 plots, containing 3,678 trees, 
on range poorly stocked with forage, 157 trees were found to be 
injured, 500 severely browsed, and 882 moderately to lightly 
browsed. Thus 18 per cent of the total were being severely damaged. 

These comparisons indicate that under average conditions there 
is not a great deal of difference in the amount of damage done on 
ranges well stocked with forage plants and on ranges poorly stocked. 
In general, therefore, it may be concluded that in a given forage 
type, with the same amount of forage allotted each animal, the 
density of the forage has little relation to the amount of damage to 
pine reproduction. 
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AMOUNT OF FORAGE BY SEASONS. 


The fact that a greater amount of damage occurs during the dry 
period of early summer, when ordinary forage is scarce, than during 
other periods of the grazing season suggests the probability that dur- 
ing a season when feed is unusually abundant the amount of damage 
will be relatively small. This supposition is confirmed by a com- 
parison of the damage done in 1914 with that done in 1913. 

Ordinarily not enough precipitation occurs during May and June 
to support the vegetative growth, and as a result not enough forage is 
produced to meet the needs of stock. This was the case in 1918; but 
in 1914 the dry period was broken in June by sufficient rainfall to 
revive the forage, and. this was followed by abundant rainfall in July 
and August. Since the three months from June to August form the 
main growing period, 1914 was an unusually favorable year for 
the production of forage, and 1913 an unusually poor one. (See 
Table IV.) 


TABLE 1V.—Precipitation during the growing periods of 1913 and 1914.* 


Average for yellow-pine type. May. June. July. Aug. Sept. 


1 The monthly rainfall is an average for the entire yellow-pine type, based upon the records at Fort 


Valley, Flagstaff, and Walnut Canyon. < 


TABLE V.—Comparison of the serious damage caused by grazing during 1913 


and 1914. 
Trees seriously 
damaged. 
Year. 
Per cent 
Number. | of total. 
AO cmmpemmemermae sree ey oak eee ok T5552 Yast Fee MPL eave Bee ob 1,417 15.8 
TOA ee eee onl 2 ctarctay a aysiciscialatatassibis simicinisiaininj aie Sin/ape soe me tea store Mus Maas cise oes 1, 162 13.0 


Table IV indicates that vegetation could not have made any con- 
siderable growth in 1913 before July, and the record of periodic 
damages shows that more than one-half of the total annual damage 
for that year occurred during this dry period. No record of periodic 
damage was kept in 1914, but a summary for the year (see Table V) 
reveals 13 per cent of the entire number of trees seriously damaged, 
as compared ,with 15.8 per cent for 1913. The lower per cent of 
damage for 1914 is believed to be due chiefly to the greater abundance 
of feed during that year, particularly during June and early in July. 
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This suggests the conservative use of forage as a means of preventing 
excessive injury to reproduction. 


CHARACTER OF FORAGE. 


Observations were made to determine the relative amounts of 
damage to reproduction in the principal forage types of the yellow- 
pine belt. 

Two main classes of forage are found in the yellow-pine type 
of the Southwest. These are the mountain bunchgrasses (Muhlen- 
bergia gracilis, Festuca arizonica, and Blepharoneuron tricholepis) 
and blue grama grass (Bouteloua gracilis), which occurs usually on 
the more level mesas. Both types, with variations, are prominent 
on the Coconino Forest. The blue grama is very palatable to all 
classes of stock. The bunchgrasses, though very nutritious, are not 
generally preferred by any class of stock because of their accumu- 
lation of coarse, dry foliage. 

The general conclusions regarding the relation of the intensity of 
grazing to the amount of damage to tree reproduction are believed 
to apply in the case of the grama range. But in the case of the 
bunchgrass type, a serious amount of damage occurs on some por- 
tions, even though the type is not grazed closely. A study was there- 
fore made to determine which class of stock is responsible for such 
damage. 

Since no bunchgrass areas are grazed exclusively by sheep, it was 
necessary, in order to determine the damage done by this class of 
stock, to compare the amount of damage done on bunchgrass areas 
by both sheep and cattle with that on similar areas grazed by cattle 
only. Accordingly 72 plots were selected in the bunchgrass type 
grazed moderately by both classes of stock. These plots contained 
2,372 trees subject to grazing. During 1912 and 1913 counts on these 
plots showed an average of 428 trees injured and 320 trees severely 
browsed, or a total of 32 per cent which, if present conditions con- 
tinue, may be expected to become seriously injured. On a number 
of the plots practically every tree had been killed by grazing. As 
compared with these figures there were no injuries or severe browses 
on the 15 plots in this type located on areas grazed closely by cattle 
only. Of the total of 618 trees only 7 were even moderately browsed. 

The obvious conclusion that sheep are chiefly responsible for the 
severe damage is substantiated by the fact that the serious damage 
noted was characteristically that of sheep, that is, the needles were 
cropped closely along the stems, instead of the end of the shoot 
being eaten off. 

Tt is not assumed that the injuries on the sheep-grazed areas are 

representative of the bunchgrass type as a whole. All of the plots 
studied were located in the north half of the Forest, where the bunch- 
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grasses occur in much purer stand than over the remainder. In the 
rest of the Forest blue grama, Gambel’s oak, and succulent weeds 
form a considerable percentage of the vegetation comprising the 
bunchgrass type. Extensive observations in this portion, supple- 
mented by many others in the yellow-pine type in the Southwest, 
bear out the conclusion that where sheep are not forced to depend 
upon the rank growth of bunchgrasses for the main part of their 
feed, but have access to plenty of browse and palatable weeds, they 
will not cause such severe damage to yellow-pine reproduction in the 
bunchgrass type. If, however, the browse and weeds are not suf- 
ficient to supply the bulk of their feed, they are likely to cause very 
severe injury to young pines. 

The portion of the bunchgrass type on the Coconino Forest, over 
which the damage is excessive, includes about one-third of the total, 
or 130,000 acres. A circumstance which makes the injury to repro- 
duction here a serious matter is the fact that where the worst damage 
occurs reproduction is scattered, and for that reason is in special need 
of protection. 


CLASS OF STOCK AND METHODS OF HANDLING. 


CLASS OF STOCK. 


It is comparatively easy to determine the amount of damage for 
which cattle, horses, and burros are each responsible, because fre- 
quently these classes of stock are handled in pastures where each may 
be observed separately. In the case of sheep, however, which are not 
handled in pastures on the Coconino Forest, but share the open range 
with other classes of stock, it is difficult to determine the proportion 


_of the damage with which they can properly be charged. To arrive 


at a conclusion it was necessary to compare the amount of damage 
found on range occupied by both cattle and sheep with the amount 
of damage under similar grazing conditions on areas from which 
sheep are excluded and in pastures. This measure of sheep damage is 
believed to be fairly accurate, since there is no evidence that cattle 
do more damage to reproduction on a range which they share with 
sheep than on a range which they graze alone. Sheep injuries, 
furthermore, are characteristic and may be readily distinguished 
from those of cattle and horses. 

It is believed that horses and burros may be eliminated from the 
classes of stock responsible for severe injuries to reproduction. The 
many saddle horses, in all kinds of physical condition, ridden in the 
yellow-pine type, have shown no disposition to eat coniferous repro- 
duction. In a pasture 4 miles southwest of Flagstaff about 30 head 
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of horses were grazed from May until November, 1910. The only 
other stock using the pasture were from three to five head of cattle 
and two or three head of sheep. The number of stock was greater 
than the carrying capacity warranted, and in the fall all forage was 
cropped very closely and the horses were poor and rough. Counts 
made in October showed that of 365 trees only 8 trees, or 2 per cent 
of the total, were seriously browsed. In a grama-grass weed pastur 
at Fort Valley, containing approximately 360 acres, about 12 horses 
were kept during the grazing season of 1910. Observations on 15 
plots showed practically no damage. 

Burros form a very small proportion of the total number of stock 
on the Forest. However, the fact that they often show little dis- 
crimination in the selection of their feed raises the question of the 
amount of damage which they do to forest reproduction. At the 
Rees’s sheep-headquarters camp, located in the bunchgrass type on 
the north slope of the San Francisco Peaks, five burros were run 
during the seasons of 1913 and 1914 in a pasture containing about 
160 acres. Observations made in October, 1914, upon 200 trees less 
than 4 feet in height showed no damage whatever by grazing. 

The amount of damage under different range conditions on sheep- 
grazed areas and on areas from which sheep are excluded has already 
been discussed. In order, however, to estimate the relative damage 
chargeable to sheep and to cattle under average conditions in the 
yellow-pine type, range conditions has been given a weight in per 
cent representing the importance of each to the whole. The per- 
centage of severe damage attributable to cattle and to sheep has 
been multiplied by the number representing the importance of each 
range condition and an average arrived at which represents the 
relative amount of damage for which these two classes of stock are 
responsible and the total per cent of damage which each class is 
believed to be causing over the entire Forest. The results are given 


in Table VI. 


TaBLE VI.—Comparison of cattle and sheep damage. 


Amount of Amount of 


Com- | serious damage Com- | serious damage 
ioe in (pe cent ot Pel seated (per cent of 
gs = otal stand). sys ve im- 

Condition of range. | portance. stand) Condition of range. | portance. total stand). 
iPercentilsaa- ase ae Per cent | >= oases 
of total. | Cattle. | Sheep. of total. | Cattle. | Sheep. 

Normally grazed ......-- 38 0. 008 ANS) MMi Hatsse. eee oe = eases 0.92) 0.20 | 0. 20 
Overgrazed.......-..---- 6 - 78 2.10 |} Around water and salt ! 
Poorly stocked with for- licks ree Sirs a eee 05 - 03 03 
AGC.eE ecb oseeb eee 12 04 -31 |} Corrals, ranches, and 
Wellstocked with forage.| 28 . 08 - 62 bed grounds.....-..--- - 03 02 02 
Bunchgrass.....-....---- 15 001 1.50 
Totalee secu sce wesc 100.00 | 1.159 8.96 
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Fia. 1.—UNINJURED THRIFTY YELLOW-PINE REPRODUCTION FROM 
4 INCHES TO 4 FEET TALL AND FROM 3 YEARS TO 14 YEARS 
OLD. 
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Fie. 2—A YELLOW PINE 442 FEET TALL, WITH LATERALS 
SEVERELY GRAZED BY SHEEP. LEADER OUT OF REACH OF 
THIS CLASS OF STOCK. 
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Fic. 1.—TYPICAL SHEEP DAMAGE. SHOOTS EATEN AND NEEDLES PULLED. 
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Fic. 2.—TYPICAL CATTLE DAMAGE. SHOOTS SEVERELY EATEN, BUT NEEDLES 
LEFT LARGELY INTACT. 
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Fic. 1.—WESTERN YELLOW-PINE SAPLINGS, 4 FEET AND 6 FEET 
TALL, SEVERELY INJURED BY CATTLE RUBBING. 
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Fic. 2.—A THRIFTY STAND OF REPRODUCTION IN A PASTURE AND A SCATTERED STAND 
OF BADLY INJURED REPRODUCTION ON THE OUTSIDE. 


aes 


a 


as 
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According to this table the ratio between the severe damage caused 
by cattle and that caused by sheep is approximately as 1 to 7.7. 
Striking variations from this ratio may be noted on the normally 
grazed areas and on the bunchgrass range. Over these portions of 
the type the damage caused by sheep is far out of proportion to that 
caused by cattle. On the other hand, in flats, around camps, and 
near water and salt licks the damage caused by each class of stock 
is about the same. On areas representative of the rest of the yellow- 
pine type the ratio of damage caused by cattle as compared with that 
caused by sheep approximates the average ratio of 1 to 7.7. This 
ratio is thought to be fair to the sheep. The proportion of reproduc- - 
tion severely damaged by both sheep and cattle is approximately 10 
per cent.' While this is not so high as the figure estimated for the 
half of the yellow-pine type under observation, which, according to 
Table I, amounts to 16.7 per cent, yet it is probably more nearly 
representative of the yellow-pine type as a whole. 

The foregoing data point to the conclusion that stock do not eat 
yellow-pine reproduction through preference ; that where the palatable 
forage is sufficient, reproduction will not suffer seriously from graz- 
ing; but that, on the other hand, where the palatable feed is not 
sufficient for the class of stock using the range, yellow-pine repro- 
duction is likely to be seriously damaged. 


METHODS OF HANDLING. 


From the conclusions reached under the preceding heading it is 
plain that the way stock are handled on the range has a most im- 
portant bearing on the amount of damage that is done to reproduc- 
tion. It has been pointed out, for example, that on bunchgrass 
range, which, under the methods of handling stock on unfenced 
range, at least is poorly suited to sheep grazing, this class of stock 
is likely to injure one-third. of the stand of reproduction, as com- 
pared with an injury of 10 per cent of the stand on range well suited 
for sheep grazing and that the injury on an overgrazed range 
varies from three times the amount of damage on a normally stocked 
range to total destruction of the reproduction. 

Further evidence as to the relation between the handling of stock 
and the amount of damage to reproduction is brought out by a study 
of the damage on areas where stock congregate. 

Rubbing by cattle——Over the Forest, as a whole, the principal 
damage caused by cattle is by rubbing. This damage is serious where 
cattle are accustomed to congregate, principally at the edges of parks, 
in alluvial flats, along drainage lines, and in the vicinity of watering 
places, corrals, and salt licks. 
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Counts were made on 17 plots located in situations subject to this 
kind of injury. Of 165 trees above 3 feet in height, and so of a size 
subject to severe damage by rubbing, 36 were seriously injured. Fif- 
teen were so badly rubbed that they would become worthless if the 
rubbing continued, and 2 were moderately rubbed. Thus 22 per 
cent of the trees subject to this class of damage had been severely in- 
jured, and 9 per cent were being subjected to severe damage. In all, 
a total of 31 per cent would in time be killed. This indicates a seri- 
ous condition over certain parts of the yellow-pine type. ‘The sites 
on which such damage is most likely to occur support the best quality 
of timber. 

Damage along sheep driveways.—In the southern part of the Forest 
the only places where pine reproduction seems to be injured are 
around watering places, near the lower boundary of the yellow-pine 
type where reproduction is scattered, and along the Mud Tank sheep 
driveway. This driveway, with an average depth of 1 mile, extends 
about 30 miles through the yellow-pine type. About 75,000 sheep 
are driven over it each year. Besides its use as a driveway, the strip 
is included in sheep and cattle allotments, and would be fairly well 
grazed by stock throughout the season without the additional use by 
transient stock. The first few bands find sufficient feed, but before 
the total number have crossed the feed is so short that sheep are 
forced to eat whatever growth is available, including a great deal of ~ 
yellow-pine reproduction. The damage caused in this way is so 
severe that the boundaries of the driveway can readily be traced by 
the line of severe damage. Conditions on this trail are typical of a 
number of trails in Arizona and New Mexico. Good management re- 
quires that this damage be reduced to the minimum. 

Around watering places and ranches where stock are allowed to 
congregate it is very common to find a majority of the reproduction 
badly deformed and stunted, as a result of browsing and rubbing. 


EFFECTS OF GRAZING INJURIES UPON WESTERN YELLOW-PINE 
REPRODUCTION. 


ESTABLISHMENT OF REPRODUCTION. 


INJURIOUS EFFECTS. 


Abundant reproduction is often found in pastures, while just out- 
side, with no apparent change in natural conditions, it is relatively 
scarce. In all such cases observed the outside range had been subject 
to severe grazing by all classes of stock for a number of years after 
the pasture had been constructed. A comparison of the ages of 
reproduction within and those adjacent to the pastures indicates that 
the effect of severe grazing outside has been not only to prevent the 
establishment of reproduction, but also to kill many of the trees 
already established at the time the fences were built, -This conclu- 
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sion is supported by detailed observations made on small fenced 
areas on overgrazed ranges. One of these fenced areas, including 
about 2 acres, is located near the Bottomless Pits, 6 miles southeast 
of Flagstaff. At the time when the fence was constructed, in the 
spring of 1912, all reproduction in the vicinity had been badly 
injured by grazing for a number of years. During the three years 
from 1912 to 1914 the trees inside the fence were entirely protected, 
while those outside were subject to the same degree of grazing as 
formerly. A record was kept of the reproduction located within the 
inclosure and also of that on a check area of the same size near by. 
Of 57 trees within the inclosure only 5 died during the three years, 
whereas of the 45 trees on the check area 32 had died. Thus a loss 
of 9 per cent occurred among the protected trees, as compared with a 
loss of 71 per cent among the trees subject to continued grazing. 
While this contrast is unusual, it indicates the possible effects of very 
severe grazing. 

Along most pasture fences which mark the line between good 
reproduction and scanty reproduction are also areas which have 
not been severely grazed. Where these begin the scanty reproduc- 
tion ends. 

It is asserted frequently that stock destroy a great many 1 and 2 
year old seedlings. While this doubtless is true, it is also a fact 
that in inclosures entirely protected from grazing nearly all of the 
reproduction that germinates is killed by adverse natural agencies. 
Only during a series of favorable years does any considerable amount 
of reproduction become established. Observations in pastures and 
on sheep-excluded areas indicate that cattle and horses ordinarily 
do very little damage to reproduction of the seedling class, even 
though the larger trees suffer as a result of overgrazing. Though 
sheep probably do more or less damage to young pines during the 
first year, by far the greater number of such seedlings would die in 
any event during the following winter or spring. 

At 2 years of age a seedling may be said to be well enotigh 
established to give it an even chance of survival against adverse 
natural agencies. For this reason the influence of grazing injuries 
after this period increases in importance. Table II indicates that 
injury to trees of the seedling class or to trees between the ages of 
2 years and 6 years is more serious than in the case of larger trees. 
The fact that 21 per cent of trees of the seedling class are severely 
damaged indicates that grazing seriously handicaps young trees in 
becoming thoroughly established. ‘Thus, though grazing is not a 
prime factor in the establishment of a seedling during its first or 
second year, it may seriously interfere with its growth after that 
age. 
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BENEFICIAL EFFECTS. 


Probably the only important ways in which stock aid in the 
establishment of reproduction are by helping to plant the seeds and 
by reducing the fire menace. 

Sheep aid very materially in covering the seeds of grasses, thus 
helping to insure their germination. It is reasonable to suppose 
that they aid in planting the seed of yellow pine. However, this aid 
is not very important, because the important problem in establishing 
a stand of reproduction is not to secure germination but to resist 
freezing during the following winter and starvation during the 
long dry period of the following spring. 

Grazing, by preventing the accumulation of rank growth, plays 
no smal] part in preventing severe ground fires. 


HEIGHT GROWTH. 


The extent to which the growth of young trees is retarded forms 
the most obvious index of the severity of the effects of grazing 
injuries. The effects upon height growth, however, indicate the 
immediate results of injuries and may or may not be a guide to the 
more permanent effects. 

On Taylor’s ranch, 9.miles northwest of Flagstaff, is a pasture 
in which the reproduction is abundant and free from injury. Just 
outside of the pasture damage by grazing has been very severe. 
Measurements of the height growth of saplings for the last five years 
within and outside the pasture gave the results shown in Table VII. 
Twenty trees form the basis for each height class. 


TABLE VII.—Comparison of height growth of trees in and outside of pasture. 


Growth of the av- 
erage tree dur- 
ing last 5 years. 


Height 
class. 
Ta Outside 
of 
pasture. | pasture. 
Feet. Feet. Feet. 
1 1.02 0.6 
2 1.45 84 
3 1.97 97 
4 2. 53 1. 26 


The growth outside of the pasture is scarcely more than 50 per 
cent of that inside. 

Measurements of 75 representative trees selected from three of the 
inclosures fenced in connection with this project in 1912 revealed an 

1 Journal of Agricultural Research, Department of Agriculture, Vol. III, No. 2, “ Natu- 


ral Revegetation of Range Lands Based upon Growth Requirements and Life History of 
the Vegetation,” by Arthur W. Sampson. 
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average growth of 0.7 foot for the three-year period, 1912-1914. 
Measurements of a similar number of trees growing in the check 
plots just outside these fenced areas showed an average height growth 
of 0.2 foot for the three-year period. 

The rate of growth of 46 badly grazed saplings at Fort Valley, 9 
miles northwest of Flagstaff, and 59 uninjured: saplings of the same 
age in a pasture on Observatory Hilk, just outside of Flagstaff, the 
two sites being very similar, are given in Table VIII. 


Taste VIII.— Comparative growth of trees in pasture and on overgrazed range. 


Average 
ne Number | Average | Average 8 
Location. . annual 
of trees. age. height. growth. 
. Years. Feet. Feet. 
LUD DE SDI IRAE SE Ro ae trad STALE eee os See ee eee 59 17. 2 5.2 0. 36 
ONORET AZ COR ATIE Cetera ea 874 SG Beas yee a aaah ata ae | 46 17.0 2.1 12 


The foregoing comparisons, which are believed to be representa- 
tive, indicate that grazing injuries decrease the rate of growth of 
young trees from one-half to two-thirds. 

From the standpoint of the production of a crop of timber this 
check in the growth of reproduction is not a serious matter, provided 
the trees have a chance to outgrow the injuries before their vitality 
is destroyed. The addition of 20 or 30 years to the period of rota- 
tion is not in itself a vital consideration in the management of yel- 
low pine. Retarded growth is a serious matter, however, when it 
is considered that grazing conditions are generally stable and that 
where severe damage occurs the trees have no opportunity to out- 
grow their injuries, but are slowly killed. 


FORM OF TREE. 


It is generally thought that the bole of a young tree that is severely 
injured is likely to become crooked or forked. This belief appears 
to have little basis in fact. The probable cause of crooked boles in 
nearly all instances is that the trees have at some time been over- 
topped or suppressed and in that condition have grown at an angle 
toward the strongest light, later becoming dominant or codominant 
and attempting to grow upright. Forked boles serious enough to be 
objectionable are formed at a height above that affected by grazing. 
Observations of a great many young trees recovering from severe 
injuries revealed no deformities that promised to be at all prominent 
when the trees mature. Nearly all grazing injuries occur at a height 
of less than 44 feet, and the trees, when protected, very quickly de- 
velop a leader which gradually outstrips all others. The laterals of 
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young trees made bushy by injuries contribute to the more rapid 
growth of the main bole. 


PERMANENT EFFECTS. 


It is important to know what becomes of the seriously injured sap- 
lings. If they recover and become normal trees, then the ultimate 
effects of such damage are unimportant. But if a considerable por- 
tion of them die, and if others remain dwarfs or develop into -de- 
formed trees, then the need for applying protective measures is ap- 
parent. Owing to the slow growth of yellow pine, effects of grazing 
injuries upon the later development of reproduction requires a good 
many years to determine. Observations so far made, however, indi- 
cate clearly the effects that may be expected where injured reproduc- 
tion is protected and where it remains subjected to continued severe 

grazing. 

' Observations of a great many trees formerly injured but later pro- 
tected from grazing indicate conclusively that young injured pines 
have remarkable recuperative powers. Even though they have been 
eaten off repeatedly for as long as 10 years, a few years’ protection 
will enable them to recover. Unless the injuries are particularly 
severe, the’subsequent growth is as rapid as in the case of younger 
uninjured trees of the same height. Ordinarily, trees subjected to 
repeated grazing develop many laterals capable of supporting vigor- 
ous height growth at the first opportunity. When protection is 
afforded to such trees, the ultimate effects of the injuries appear to be 
simply the retardation of growth equivalent to the period of serious 
injury plus 5 to 10 years required for the plant to regain its normal 
vitality and to develop a well-defined leader. If, however, the young 
trees are defoliated, as is characteristic of severe sheep injuries, recu- 
peration is necessarily very slow. 

The ability of injured trees to recuperate if protected is well illus- 
trated at the Fort Valley Ranger Station pasture. Previous to three 
years before the observations were made, the pasture had been greatly 
overstocked with cattle during certain portions of the year, but since 
that time it has been grazed only moderately. Reproduction is 
abundant, but during the period of overgrazing the saplings were 
severely damaged. Practically no damage was done in the three 
years preceding the observations. A comparison of the last three 
years’ growth of saplings in the pasture previously injured, but 
showing no damage during this period, and of the growth during 
the same period of injured saplings just outside the pasture where 
severe grazing conditions prevailed, gave the results presented in 
Table IX. Twenty trees in each of four height classes were ex- 
amined. 
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TABLE IX.—Comparative growth of protected and unprotected saplings. 


Average growth 
during 3 years. 
Height classes. 
I Outside 
u of 
pastures. pastures. 
Feet. Feet. Feet. 
1 Seana ees We 0.8 0.2 
Ds Cee PS ey epee iil «3 
BRE Seon ee eee 12 a4 
Facharags ebay ss 1.4 «4 
| Average.-..:- lanl 32 


The results show that the growth of the protected saplings is more 
than three times as rapid as that of the unprotected ones and indi- 
cate a marked ability of young pines when protected to recover from 
injuries. This conclusion is substantiated by the results of measure- 
ments of trees previously injured within the fenced plots and of 


’ trees outside subject to continued injury (p. 18). As stated in that 


case, the ratio of growth between protected and unprotected trees 
was as 7 to 2. 

Even though protection against severe grazing may enable seri- 
ously injured saplings to recover, such protection may not be advis- 
able unless the loss of young trees on unprotected areas is excessive. 


_ Reference to Table I shows that an average of only 0.9 per cent of 


the total number of trees were found dead during the three years 
covered by the study. While this loss probably represents the aver- 
age mortality from grazing over the Forest as a whole, yet it does 
not adequately express the seriousness of the losses in certain impor- 
tant parts of the Forest. Areas exist where more than 50 per cent 
of the total number of young pines have been killed. Such areas 
include many sections of the bunchgrass type south and west of 
Lake Mary, the edges of parks, bedgrounds, driveways, the vicinity 


_ of headquarter ranches and water holes, and range areas that have 


been overgrazed for a long period. 

It is estimated from a comparison of the age and height of 265 
trees that a yellow pine will ordinarily, if uninjured, reach a height 
of 4.5 feet—above which it can withstand severe grazing injuries— 
when 15 years old, but that if it is subject to repeated grazing injuries 
it may require 35 years to reach this height. If it may be assumed 
that under average conditions which prevail over the Forest it re- 
quires 17 years for reproduction ‘to reach a height of 4.5 feet, and 
that, as shown in Table I, 0.9 per cent of all trees observed die an- 
nually as a result of grazing injuries, it-is safe to conclude that the 
loss of trees during the period when they are subject to severe grazing 
is approximately 15 per cent of the stand, or nearly as many as are 
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seriously damaged each year in the north half of the yellow-pine 
type. 

This poor showing of the injured trees would not be such a serious 
matter were it not for the fact that even though an injured tree does 
not die immediately, the needles, after repeated grazing, become 
dwarfed and turn yellowish, and the whole plant becomes stunted. 
If injury is continued the vitality is so weakened that a severe season 
or an attack by natural enemies is very likely to kill the tree. It is 
not uncommon to find saplings so impoverished by continued defolia- 
tion that they can readily be pulled out of the ground by hand. 
| The destruction of young trees is not such a serious matter where 
more reproduction has become established than is necessary to insure 
a complete regeneration of the stand. But where the reproduction 
is more or less scattered, the loss of a considerable percentage of young 
trees becomes decidedly important. 


SUSCEPTIBILITY TO FUNGOUS AND INSECT ATTACKS. 


It is commonly supposed that young trees injured by grazing are 
more susceptible to attack by fungi and by insects than are unin- 
jured trees. The extent to which this danger actually exists, and 
under what circumstances, is a subject which deserves careful con- 
sideration.” 

Dr. W. H. Long, forest pathologist for Arizona and New Mexico, 
who has made a special study of fungi attacking western yellow pine, 
has expressed the opinion that 


The fungi and diseases known at the present time to cause serious damage 
to yellow pine in the Southwest normally do not enter trees through ordinary 
injuries caused by grazing. The spores of certain species of rust (Perider- 
mium spp.) may enter through wounds in the living bark of pines, and it would 
be entirely possible for such spores to enter through wounds caused by grazing. 
However, the total damage due to such a rust entering through grazing wounds 
and finally girdling the trunks of yellow pine is probably very small. 

No heart-rotting fungus is known which is apt to start growth through grazing 
wounds other than in cases where the bark is removed or where the heartwood 
and Sapwood are exposed by breaking and twisting. Since injuries of this 
character form a very small part of the total amount of damage, the danger of 
fungus attack due to them does not require serious consideration. ‘ Injuries that 
favor this kind of rot are caused by lightning, fire, deep blazes, etc. 

It might be presumed that mistletoe (Razouwmofskya spp.) would be liable 
to attack grazing wounds, but a knowledge of the circumstances under which 
this parasite attacks tissue leads to the conclusion that this danger is relatively 
unimportant, for while it is true that mistletoe berries start growth where 
new tissue is exposed, such as on the Calloused edges of blazes, and while the 
wounds to tender shoots such as are caused by grazing might afford favorable 
conditions for germination of. these berries, the conditions are probably no 
more favorable than they are on the tips of uninjured stems. 
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Certain needle diseases exclusive of rusts are believed to attack dwarfed 
and unhealthy needles more readily than vigorous needles. Since the effect of 
moderate grazing wounds is to stimulate the growth of plant tissue, these needle 
diseases are not apt to secure a foothold more readily because of them. How- 
ever, when persistent and severe wounds reduce the vitality of the trees until 
the needles reflect the weakened condition, certain needle diseases are apt to 
find favorable hosts. The total amount of damage caused by needle diseases or 
the increase in this character of damage which may be attributed to grazing 
is not known, although it is believed to be relatively unimportant. 


During the last two years studies of the extent of damage by in- 
sects on the Forests of Arizona and New Mexico have been made a 
special study by A. J. Jaenicke, forest assistant in charge of insect 
studies. Mr. Jaenicke has expressed the opinion that grazing in- 
juries are not responsible for a serious amount of insect damage to 
western yellow-pine reproduction. He states that— 


Western yellow-pine reproduction in Arizona and New Mexico suffers particu- 
larly from the following insects: 

1. Tip moths of the genus Retinia. These kill the terminal shoots of the 
reproduction, causing it finally to assume a bushy form, but rarely kill it. 

2. Engraver beetles of the genus Jps, particularly Ips confusus Leo. These 
insects are responsible for the death of considerable reproduction in various 
parts of the district, particularly on cutting areas. 

3. Small scolytid beetles, which work in the thinner bark of the young trees 
and occasionally cause their death. 

4, Flat-headed borer of the family of Buprestide. These were found doing 
serious damage on only one Forest in the district. 

During the past field season careful attention was given the relation of graz- 
ing injuries to attacks by the above-named insects. It was found that only in 
localities where serious overgrazing has taken place for a number of years is 
there ever any material increase in insect damage. 

The tip moth kills the terminal shoots of healthy and unhealthy reproduction 
with equal ease. Grazing injuries, therefore, are an unimportant factor in 
infestations by this insect. 

Wherever the vitality and health of reproduction has been seriously lowered 
by overgrazing or any other cause, particularly on areas recently cut over, en- 
graver beetles may become responsible for the rapid death of the injured seed- 
lings. The same is true of attacks by various small scolytids. Both the en- 
graver beetles and small scolytids breed in slash, and so it is on the areas where 
there has been recent cutting that reproduction injured by grazing suffers most 
from these insects. It is not believed that attacks by flat-headed borers are 
increased by grazing injuries. 

The minor injuries caused by regulated grazing, therefore, are of little 
importance in augmenting insect attack. Even serious injuries are rarely 
responsible for insect damage of any consequence, except on recently cuit- 
over areas. 

SUMMARY. 


(1) Of 8,945 trees of a size subject to grazing, observed over a 
period of three years, 1,493, or 16.7 per cent, were severely damaged 
each year and 1,442, or 16.1 per cent, were moderately damaged. 
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(2) The most injured are the seedlings, 21 per cent of which are 
seriously damaged. The damage gradually decreases with an increase 
in the size of the trees. Trees above 4.5 feet in height are free from 
severe injuries from browsing, but those between 3 feet and 6 feet 
in height are likely to be rubbed severely. 

(3) The greatest amount of damage occurs during the latter half 
of June and the first part of July, or when the effects of the spring 
dry period are most pronounced. The least damage occurs during 
the first few weeks of the growing period, or before June 15. A 
very considerable amount of damage is done during the main grow- 
ing season and during the fall drying period. 

(4) Under normal conditions of grazing cattle and horses, and 
incidentally burros, do an inconsiderable amount of damage to 
reproduction. Sheep under the same conditions may be responsible 
for severe injury to 11 per cent of the total stand. 

On overgrazed areas all classes of stock are apt to damage small 
trees severely. Cattle and horses may damage about 10 per cent of 
all reproduction. Where sheep are grazed along with them, how- 
ever, at least 35 per cent of the total stand may be severely damaged. 

Cattle and sheep are responsible for practically all of the grazing 
damage to yellow pine on the Coconino forest. Ordinarily sheep 
cause about seven and a half times as much damage as cattle. 

(5) The density of forage does not affect the amount of damage 
that may be caused on a given area. 

(6) The suitability of the forage to the class of stock using a 
range has an important influence upon the amount of damage to 
timber reproduction. Because of the suitability of the pure bunch- 
grass type to sheep grazing, the reproduction over approximately 
one-third of the bunchgrass type on the Coconino Forest, or over 
130,000 acres, is being seriously injured. 

(7) The amount of palatable feed available during the grazing 
season, and especially during June and July, has an important bear- 
ing upon the amount of damage that grazing will cause to reproduc- 
tion. During a favorable year the damage may be 18 per cent less 
than during a subnormal year. 

(8) The manner in which stock is handled has much to do with 
the severity of grazing damage. Cattle are likely to injure 22 per 
cent of the trees between 3 feet and 6 feet in height that grow on 
areas where they are accustomed to congregate. Sheep severely 
injure reproduction along driveways and on bed grounds. 

(9) Grazing is believed to have a largely neutral effect upon the 
germination and early establishment of reproduction, but to have an 
important effect in reducing the destruction of reproduction by fire. 
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(10) The effect of grazing upon the height growth of reproduc- 
tion is marked. Severely injured trees grow only from one-half to 
one-third as fast as uninjured trees. 

(11) Grazing injuries are not responsible for the common deformi- 
ties of mature trees. 

(12) The permanent effects of grazing injuries upon the develop- 
ment of the trees damaged are not serious, provided the damaged 
trees have a chance to recuperate. If grazing is unrestricted, about 
15 per cent of the total stand is likely to be killed during the period 
required for reproduction to become established. 

(13) Reproduction that has been impoverished greatly by grazing 
is more likely to be attacked by some fungi and insects than unin- 
jured and vigorous reproduction. However, the ordinary grazing 
injuries are not believed to increase seriously the danger of such 
"attacks. 


APPLICATION OF RESULTS TO RANGE MANAGEMENT 7 THE 
SOUTHWEST. 

The conclusions arrived at in this study are believed to Lage appli- 
cable over the entire yellow-pine type of the Southwest. Since for- 
age composition, class of stock using a range, intensity of grazing, 
and methods of handling stock vary on different Forests, it is not 
advisable to attempt to prescribe specific suggestions for certain areas, 
but rather to prescribe definite remedies for certain conditions. 

Under present. conditions all reproduction should be protected 
against severe damage by grazing. Where immediate cutting of the 
- mature stand is contemplated, the reason for protection is obvious, 
since the prime purpose should be to insure a stand of reproduction. 
Where reproduction on an area not to be cut over in the near future 
is being injured, protection is needed to assist nature in maintaining 
a forest cover. Reproduction generally occurs naturally in openings 
made by the death of mature trees. Unless this reproduction is pro- 
tected, the gaps will tend to increase and the regeneration of the 
forest be made constantly more difficult. Moreover, under the most 
favorable conditions it is only through the combination of a good 
seed year with two or more good growing years following that any 
considerable amount of reproduction becomes established. Such a 
combination is so rare that it is not safe to depend upon it. 

The grazing of stock on National Forests must be so regulated that 
the number of stock shall not decrease, but, if possible, shall increase. 
Under proper grazing management reproduction does not suffer an 
unwarranted amount of damage; in fact, the advantages of conserva- 
tive grazing in reducing the loss of reproduction by fire probably 
offset the injury from stock. The application of conservative graz- 
ing throughout the western yellow-pine type, then, is the basis for 
the protective recommendations which follow. 
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Since overgrazing is the cause of the most severe grazing damage. 
it should be avoided by all means. An overgrazed condition may 
exist even though the general appearance of the range does not 
indicate it, as, for instance, on a bunchgrass range allotted to sheep. 
The principal grasses may be largely uneaten, while sheep feed, con- 
sisting of palatable weeds and grasses, and, too often, of yellow-pine 
reproduction, may be largely destroyed. Overgrazing may result 
from allotting too many stock to a range, or from poor distribution 
of a proper number of stock due to lack of sufficient well-located 
watering places, poor salting arrangements, or, in the case of sheep, 
to poor herding. In any case the cause should be determined and 
removed. 

Sheep should not be depended upon primarily to utilize the bunch- 
grass range. This type should be utilized chiefly by cattle and 
horses, held in pastures if possible. On this type, wherever the 
bunchgrass species occur in nearly pure stand during early spring, 
sheep should be run in May and the fore part of June while the 
grasses are tender and most palatable. Where the succulent weeds 
and browse species occur in mixture with the bunchgrasses, sheep 
may be grazed season long together with cattle and horses. 

Sheep should be excluded from cutting areas on which they are | 
causing severe damage until reproduction is well established, usually 
for a period of from 15 to 20 years. They should be excluded also for _ 
a period of from two to five years from cutting areas where the stand 
of reproduction is deficient but has been supplemented by an abun- 
dant crop of seedlings which, having survived the first winter and 
spring, promise to become established, even though injury to the 
reproduction already established is not severe. 

All stock should be worked and handled as little as possible around 
watering places, salting grounds, and headquarter ranches. Sheep 
should be bedded as seldom as possible on any one bed ground, prefer- 
ably for one night only. 

It is very difficult to avoid the damage caused by cattle rubbing. 
In exceptional cases, where complete reproduction is desired within 
a short period, as on a cutting area, flats might be fenced and cattle 
excluded from them during the fly season. However, if overgrazing 
and excessive handling are avoided, it is believed that the damage ~ 
caused by cattle will not be excessive. 

One of the most serious menaces to reproduction as well as to 
forage occurs on stock driveways. Even at best, an excessive number 
of stock must use these strips of range and injury can not be avoided. 
However, all practicable means should be used to conserve the stand 
of forage and by furnishing sufficient feed for the stock using the 
driveways to reduce the injury to reproduction to a minimum. In 
order to accomplish this, it is recommended that driveways be used 
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as little as possible; that, wherever practicable, they be closed to 
grazing except by passing stock; that a sufficient number be estab- 
lished to prevent overgrazing; and that water be furnished in abun- 
dance at proper intervals along them. 

Kvery effort should be made to protect yellow-pine reproduction in 
the “twilight” zone between the yellow-pine type and the juniper- 
pinion type. Conditions here are unusually unfavorable for yellow- 
pine reproduction, and such seedlings as become established should by 
all means be protected against grazing. 

Stock, especially sheep, should not be held in the yellow-pine type 
during the winter, when they would be forced to eat reproduction. 

Advantage should be taken of grazing as a means of fire control 
by securing proper utilization of all range where at present an 
accumulation of inflammable unused feed occurs each year. Such 
areas are common on the bunchgrass type and on other types of 
range far removed from water or located on rough ridges and slopes. 
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MICROSCOPICAL STUDIES ON TOMATO PRODUCTS. 


By Burton J. Howarp, Microscopist in Charge, in collaboration with CHarRuEs IT. 
STEPHENSON, Scientific Assistant, Microchemical Laboratory. 
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INTRODUCTION. 


During the past few years the Bureau of Chemistry has conducted 
a very comprehensive investigation to establish a basis for judging 
tomato products. Experiments were conducted in the bureau 
laboratory and also in factories, a large number of which were visited. 
Out of the mass of data thus collected, it is felt that the scientific 
facts underlying the relationship between microorganisms and the 
rot and decay of tomato products should be of value to manufacturers 
and food control officials at this time. The results bearing upon the 
relation of the physical condition of the stock from which tomato 
products are made to the number of microorganisms present in 
tomato products are therefore given in this bulletin. 

A great many tests at factories were made by noting the general 
condition of the stock and then examining microscopically samples 
of the finished product. The criteria published in 1911 in Bureau 
of Chemistry Circular 68,! for the guidance of manufacturers, were 
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reached largely by such experiments. At that time very few tests 
had been made to correlate the amount of rot by weight with the 
microscopical counts. In the present discussion, therefore, the 
results obtained by visual inspection are considered fen The other 
series, that in which the percentage of rot was estimated, is discussed 
later (p. 8). 


RELATION BETWEEN VISUAL INSPECTION AND MICROSCOPICAL 
EXAMINATION. 


Tables 1 to 6, inclusive, and Tables 9 to 12, inclusive, show that a 
fairly concordant relationship exists between the character. of stock 
as determined by visual inspection and the microscopic counts on 
the final product. In Bureau of Chemistry Circular 68 it was sug- 
gested that by good, sanitary practice the mold count could be kept 
down to 25 per cent or less, the yeast and spore count to 25 or less, per 
1/60 cubic millimeter and the bacteria per cubic centimeter to 25 mil- 
hon orless. In only one instance in Tables 1 to 6 (Table 1, S 32) are 
these suggested limits exceeded on stock which to visual inspection 
appeared acceptable. In thissample the bacteria ran somewhat higher 
than is usual for passable stock. These results show that good stock 
properly handled almost never runs high in microorganisms. 

In general, high counts of microorganisms are obtained on products 
made from stock which by visual inspection would be judged as 
objectionable or from stock which has been improperly handled. 
There seem to be, however, more exceptions to this rule than to 
that governing the microorganism count on products made from good 
stock. In three or four samples the counts are comparatively low 
on stock which to visual inspection appeared dubious. The few 
such exceptions which from time to time occur do not modify the 
fact that high counts of organisms indicate unmistakably that the 
stock used was in bad condition or that it was handled in an insani- 
tary manner during manufacture. Hither of these causes furnishes 
sufficient ground for condemnation of the product. 


TOMATO PULP. 


The average of the counts on pulp from stock which appeared 
acceptable from a visual inspection (Table 1) is as follows: Molds in 
8 per cent of the fields; yeasts and spores, 8 per 1/60 cmm; bacteria, 
5,900,000 per cc. Table 2 gives the results of counts on pulp made 
from unacceptable or questionable stock. Taking averages of the 
counts in this table, excluding samples of questionable character, 
the foilowing results are obtained: Molds, 51 per cent of the fields; 
yeasts and spores, 51 per 1/60 cmm; bacteria, 77,900,000 per ce. 


/ 
MICGROSCOPICAL STUDIES ON TOMATO PRODUCTS. 8 


Tas_e 1.—Analysis of pulp made from stock approved by visual inspection. 


Character] Yeasts Fields 
Sample.t : Description. from in- and | Bacteria.| wi-h 
spection.2} spores. molds. 


Per Million 

H 61a | Pulp, skin and core; fairly well sorted and made 1/60cemm.| perce. | Percent. 

big) DAA NH hye oH oeb sco neSaconorncubereiSosoder OK 9 (3) 16 
EM Gly les OLE ee ae eae eee eee aoe renla se cee ets a etapa ORKE 11 17 12 
1 73> | Pulp, skin and core; well sorted and made up 

OOOO Kya SAd ak toscdse de esotuboeenodorcoeses ee 13 9 20 
HW 77a | Pulp, whole tomatoes; sorted under personal super- 

WABTONIY Mapa ts wenn e Mee sae seecece= suisse = Oke 5 u 4.5 
H 88 | Pulp, whole tomatoes; well washed and sorted...-... OAKS 2 3 11 
TI £9 | Pulp, skin and core; well washed and sorted ....-.. OU K 9 | 19 12 
H 90 | Pulp, whole tomatoes; well washed and sorted..... Hatt Ones: 5 | 4 5 
i 91 | Pulp, skin and core; well washed and sorted .....-.. Mii Ode SEG 15 | 8 15 
i104 Pulp, whole tomatoes; tomatoes ran good and then 

PW OLOISORLCO seme erate eee eee elena siate aiatate Oke 2 5 5 
Tal) Nieesoe Descdaceoe se soa SedoodaeeTCOSarsic COOSA SSceOUSsS Ons 2 5 7 
H 279 | Pulp, whole tomatoes; stock poor (many decayed), | 

but well washed and sorted...........-.-.--.--.-- O. IK. 6 3 6 
REVS | ea Glee isch oseoore Dene bebmoosonoseopaeDUSopSaccescs O. K. 6 14 12 
SS cM MVVnole-LomaloipUl pis = vaseee asc satee ees seins ORBKS 7 2333 2 
§$ 44 | Whole-tomato pulp from cyclone.......-.......-.-- Ok 13 16 | 2 
Sao a heses Oe eee Use ose atoe gaick epicieels elec oo eleieieiar= = ORS 3 24 12 
SG eee LO ee ae mene ramscioe cele aero mais eiaretsicieictetterar= O.K 8 iz 22 
S 57 |! Whcle-tomato pulp from cyclone; tomatoes sorted..| O. K. ! 11 8 8 
Sa.60) eee: EO ee eee ieiecuiaa amend ene ctelselon cin stateless O. Is. 8 12 6 
Sie 62 esses DO Re eee ee eee eebe «cane te O.K 12 8 6 
SEGA ® |e C10) b os SS SSE ESO SoBe roeceBoecc serosa leusoene SaDae OMK 3 5 10 
S 68 | Whole-tomato pulp from finisher; tomatoes sorted..| O. K. 7 (*) 8 
S 70 | Whcle-tomato pulp; tomatoes sorted....-.....--..- O. K. 12 9 4 
S 76 | Whole-tomato puree; tomatoes sorted..-.-....--..- O. K. 11 9 8 
S 77 | Whcle-tomato pulp; tomatoes sorted......-.......- OUK: 4 9 4 
Seat in ee Oe ees EUS s be cele setae sie = ol ieee 0O.K 6 8 4 
Sisley eee! LO Ree eee obi nat misl ean telam meals cadens aad O. K. 15 10 6 
S 85 | Whele-tomato puree from finisher.............--..- ON KE 9 il 2 
S 8&7 | Whole-tomato pulp; tomatoessortedand wellwashed) O. K. 4 4 2 
StTG aN haces CO Se a Eh ES ee UP She he ap O. K. 3 Siete ewes 
5 95 | Whcle-tomato pulp; tomatoes sorted........-...--- Whe Gs 6 6 4 
ST RSC he eens (LG a RC Neh Salam ee aS ences ho eo O. K. 6 5 8 
S199) ieee ON PRR D: SANE MUIR UO BSE RES ERAN hy DES i4 9 19 
$197 | Whole-tomato pulp; indifferent sorting.......-...-- 1 On Ke. 4 10 10 
SPUOS a eres (Gn ys NN ER Be a TQ Yat Eaton AS A ar a 14 
$110 | Whole-tomato pulp; wellsorted.....-...-..--..---- Vi On Ke 6 2 8 

| 


1H, analyzed by B. J. Howard; S, analyzed by C. H. Stephenson. 
20. K., good, or acceptable. 
3 Very few. 

Table 2 also serves to show that delay during the manufacture of 
pulp usually produces a rapid increase in the growth of organisms, 
noticeably yeasts and spores, or bacteria, or both, with the result 
that high counts are obtained for these organisms in the final product. 
This is well illustrated in Samples H 59, H 67, H 96a, and 8S 64. 
The absolute necessity of handling tomato products promptly in 
order to avoid secondary spoilage is shown in the case of Samples 
570 and$ 78. Sample S 70 is the count on a sample of pulp freshly 
made, while Sample S 78 represents the same batch after standing 
24 hours. The counts are: 


S 70 8 78 
a EE eS Sa 
RreldemmisHetolas! Goer centy W. 00 abi emule iil Miyagi iu Memb te NUE ige ldndkin 4 4 
Yeasts and spores (per 1/60 cmm) ........ SUERTE ie aus AER 22 ao Ate Re eo ee a GUA 12 9 
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Analysis of pulp made from bad or questionable stock as determined by visual 


TABLE 2 
inspection. 
Sample.1 Description. 

57 | Puree, s’in and core; very little sorting. ...........- 
H 58 | Pulp, shia and core; poorly sorted. ...2./_.2/2....-- 
H 59 | Pulp, s’in and core; apparently well sorted but 
stock left in barrels Saturday to Tnesday-.....--.-- 

H 63 | Puree, s’in and core; fairly well sorted and made 
up promptly Ee AN aya CRA SIE ed MLE YA NAL Ie ea 

H 67 | Pulp, siin and core; very imperfectly sorted, al- 
lowed to stand 3 or 4 hours before nulping.......- 

HH 70 | Pulp, sin and core; very imperfectly sorted, al- 
lowed to stand 6 hours before [OOM OM AN RT  e b sedges 

H 73e | Pulp, s‘in and core; decayed condition, largely dry 
rot (laboratory experiment) OS ERE EM ts 

H 75b| Pulp, s’in and core; indifferently sorted; allowed to 
stand 2 to 6 hours before ouionme ke 
H 76a | Pulp, whole tomatoes; fairly well Sorted............ 
H 80a) Pulp, whole tomatoes; fairly well sorted but open to 
criticism; some decayed tomatoes.........-.------ 
Ae Betton EH See OK Opa Ais eh Sele apa cit eas hed Gta eh iD eh Ut ale at ea 
Hi 33a | Pulp, whole tomatoes; sorting open to strong criti- 
CURT MAU ey NL MR aR COS MORAL UO SERIE RS 
4#{ 84c | Pulp, skin and core; sorting wholly inadequate. ..... 
ARNEL Son Ml Senet CL URRY AU LL PA EAU SEAN EI PC RN ES 
VEL EB essa CLO EER En TAN AAR Re TRC GUS ae AME aR) fa eI EN HCI re ON 
ABEL S iain ear pe Coe SS RUN AA CSE uO Ae AN eee Vine oly Mea 
H 92 Paes whole tomatoes; no sorting; washing not satis- 
GTO tee te eon iS ME te ACA NR rr 
180 GB egege COG Da Pe ALE CH ay Ct Eta es aa 

HL 94¢e | Pulp, whole tomatoes (gravity method); not sorted; 
too many damaged Yaen MANS pb ta eds sca yeekMlals 

H 95a | Pulp, sin and core; sorting not wholly satisfactory 
(otiprompuly mad ey) eee sake eee eee ee noe 

H 96a | Pulp, skin and core; prepared as 95a but left over 
night before pulping Vee ast tom a Wiz es NCU es VE OC ae 

HE 97c | Pulp, s’in and core; no sorting; bad conditions 
throughout; fairly prompt handling............-... 
PEE POS ECOL EL aon Li ae RM i) Nt a St isa aicbacke 
H105a | Pulp, Panels tomatoes; sorting unsatisfactory.-.....-- 
H ida Pulp, whole tomatoes: not sorted, acknowledged by 
manufacturer to need Sorting. {2222225 22 oye ee 

5H108a | Pulp, skin and core; not sorted; all refuse from 
GODTES SE Glo alee cepa et veh ar BS NUR MSV pte aia em 

5 H 109 pu skin and core; not sorted; all refuse from 
Hal from day’s accumulation kept hot until 
LDUSCEY GLAU BUS LS ARICA hu RL) Ue Sie aC 

H110b | Puip, skin and core; all refuse with decayed parts 
suntoyan) LOS WISI? LORVGl Hotes tego bbecdouseconucasde 

H1i3a | Pulp, skin and core; all refuse from tables used; 
product condemned byfemployeessessaeecee oases 
Hi 114a |...-- CLES SEN TES MO leaguer a Se CUNT A ate CUE 
H 273 Pulp, s "-in and core; all refuse from tables used; no 
SOT ULI AND LCR inact en DTI HONE nla tie dete SEMAN 
eUPAE eens Ce ee ae AE OP EACH On OCS BA TOCABHS Gate Bela ae 
1st ones / aoe oe GOR econ alerts UMN contain Matehovare says ch Urata 
ISL WG. Nees oge OKO Rea IES ey nes eye A ehey Rey at of Oran i rN coed 
Tet A) adore CLO Ie OUR BUN BN OTe ROE CU Ne eS eg Ear ata 
S 22 | Pulp, stin and core; ail refuse from table used; ob- 
HER LUOTA AO) CURT Ce Nea arse ven ea atepe a eyarerelatatctevacs etal oe 
S 23 | Ski fang core pulp; tomatoes not sorted.......-.-.- 
RZ TS Me UetCL ODE et NN MRD TRE Zan MUA SAO Uo ILA Te a 
S 49 | Tomato pulp irom unsorted tomato peelings. dhe i ol 
S 64 | Whole-tomato pulp, after standing 20 hours........- 
S 78 | Whole-tomato pul p, after standing 24 hours......... 
S 80 | Tomato waste irom sorting tables made into pulp... 
S 102 | Stinand core pulp; nosorting of tomatoes..........- 
$ 103 | Whole-tomate pulp; small tomatoes................ 
§ 109 | Whoie-tomato pulp; indifferent sorting. ...........- 


Character} Yeasts Fields 

from in- and Bacteria. wi.h 

spection.2| spores. molds. 

Per 1/60 | Million 
emm. perce. \\ Por cont. 

C 45 3 16 
C 15 (3) 75 
Ci 162 240 10 
fe 32 12 20 
Cc 60 192 67 
Cc 35 44 36 
(O} 61 48 100 
(; 55 50 22 
2? if 5 5 
? 7 9 13 
C 18 12 17 
C 13 5 17 
C 63 69 109 
C 114 120 op} 
C 150 St 199 
C 155 84 log 
C 21 5 44 
C 15 i 45 
C 18 7 32 
Cc 20 12 30 
C 61 200 29 
C 37 26 65 
C 72 43 0) 
C 8 7 25 
C 12 5 21 
C 17 7 26 
Cc 27 19 19 
Cc 13 36 40 
C 36 2) 85 
Cc 19 4} 71 
@ 3 41 74 
Cc 35 36 65 
Cc 42 ou 86 
Cc 53 52 87 
C 44 52 84 
Cc 21 9 26 
C 25 13 40 
Cc 66 24 42 
C 61 66 37 
C 42 773 6 
C 9 218 4 
C 279 365 80 
C 21 28 45 
? 16 21 26 
PAN Faded Gan ATUL Se Be eu 22 


; H, analyzed by B. J. Howard; 8, analy7ed by C. ee Stephenson. 
?, doubtful or open to criticism. 


bad product from inspection of raw material; 
3 aware few. 


4Ta'-en at same plant at different times the same day. 
§ Very little washing of tomatoes at start; were fairly good, but some decayed. 
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BARREL PULP. 


Table 3 gives the counts obtained upon a number of samples of 
barrel pulp. The character of the stock from which these pulps were 
made is not known, beyond the fact that nearly all were skin and core 
pulps. The results, however, are of interest in comparison with the 
data in Tables 1 and 2. Table 3 brings out strongly the fact that in 
barrel stock the counts on yeasts and spores, and especially on bac- 
teria, are usually very high. It also serves to explain the counts 
obtained on catsup made from barrel stock. In two instances the 
visual inspection of the barrel stock left a doubt as to whether the 
product was suitable for use, but such cases are rare. Excluding 
these two from the calculation, the averages of the counts on the 
remainder of the samples in this series are: Molds in 48 per cent of 
the fields; yeasts and spores, 77 per 1/60 cmm; bacteria, 207,700,000 
perce. The results in this table prove the advisability of trying to 
use barrels for storing tomato pulp. 


TaBLe 3.—Analysis of pulp stored in barrels (condition of stock when made, not known.) 


Character 
fromin- | Yeasts Fields 
Sample.! Description. spertion |’ and Bacteria.| with 
when spores. melds. 
opened.2 : 
Per 1/60 | Million 
lye cmm. | perce. | Per cent. 
H 16 | Pulp in barrels, 7-9 months; odor ofspoilage......-.- Cc 22 96 66 
H 17} Pulpin barrels, 7-9 months; odor of spoilage; gas. C 93 84 100 
H 20 | Pulpin barrels, 7-9 months; odor bad_......-...-.-- Cc 160 408 50 
H 22] Pulpin parrels, 7 7-9 months; odor bad; gas.-.-....- C 52 18 98 
1S Ne eee GO) aS lS aR EE ES 2 Ns eh Rae ae C §2 | 320 98 
EDG28 bee ahh GO) 5 SOP NG Ale ante le ee oy pao A Be SEA a ee RS Cc 122 | 340 33 
EU 29 eee (GN) Ae Se SUR es) ed et, Depa Nat ee Cc 250 312 (3) 
H 32 Pup in barrels, 7-9 months; very strong odor; bad; 
Ce ad AES be die ABSHO RE CANS Ose Maer mame aerials. sere C 45 144 40 
H 33 | Pulp in barrels, 7-9 months; odor bad.........----- Cc 42 264 50 
H 34! Pulp in barrels, 7-9 months; odor mild for barrel 
pulp | SEO SEE IB OR SPS RRC PLES p UN ha UREA Ee? 1] ae (5) 12 32 41 
H 35 | Pulp in barrels, 2 to 3 years; old; strong odor; skin 
EMIT COTE (te eee ers ee ated en ae Ms ean eye 3 UE C 70 216 50 
A 35 | Pulp in barrels, 7-9 months; strong odor....-.....-.. C 130 228 40 
H 37 | Pulp in barrels, 7-9 months; strong odor; skin and 
CONE rap MeL ee Wit N SSCS Ue Sr 21 ae C 32 192 50 
ESSE hee OO nco oe Ce URE e Cee DOOR IRE EM eraaaameiE: Scat Cc 21 180 33 
H 3) | Pulp in barrels, 7-9 months; odor of spoilage milder 
than usual; whole tomatoes .................-.--- Cc 10 120 14 
AO) Eee COVER Ss RE Et ee eter NES | C €7 132 (4) 
AT eee Oa DESEO AR EEE ae BLES gy hie rete ele i UE Pamir (at C 56 120 50 
H 46 | Pulpin barrels, 7-9 months; odor of spoilage milder 
than usual; one of the best seen ................-. () 15 29 | (6) 
1H, analyzed by B. J. Howard. 3 Few. 5 Doubtful or open to criticism. 
2C, bad product from inspection when opened. 4 Very few. 6 Not determined. 


CATSUP. 


The results of counts of catsups (Tables 4 and 5) show that a re- 
lationship similar to that found in the case of pulps exists between 
products made from acceptable stock and those from decayed ma- 
terial. The counts on the good stock catsups averaged: Molds in 9 
per cent of the fields; yeasts and spores, 11 per 1/60 cmm; bacteria, 
8,900,000 per cc. Table 5 includes some catsups made from stock of 
doubtful character in addition to those that were unquestionably 
bad. If the doubtful ones are excluded from the calculation and an 
average taken of the remainder, the following approximate figures 
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are obtained: Mold in 50 per cent of the fields; yeasts and spores, 
56 per 1/60 emm; bacteria, 131,100,000 per cc. 
called to the fact that the bacterial count was especially high because 
Sample H 284 was actively spoiling at the time of examination. 


Attention, should be 


Tasie 4.—Analysis of catsup made from stock approved by visual inspection. 


Sampl!e.1 


H77b 
H102b 


H107> 
H 272 


H 278 


RBAnRRRMNNANRNNNNnM 
RIE OD OONTNINIO MOU 
Cre © Od OH CO OW OOD 


ooo 
Go OU 


Description. 


Catsup, whole tomatoes; sorted under personal 
SUPERVISION ee iat Un ae Aa ME Saari a 
Catsup, whole tomatoes; well sorted; made up 
CPOE OTT Gye epee ale ei pa 2 IS ana 
Catsup, whole tomatoes; well soried..-............. 
Caisup, whole tomatoes; apparently good method 
(BNSYSyoU haps hl IE al MA at ila oS Ale ee a a Sa 
Catsup, whole tomatoes; poor stock, but well washed 
ANGISONLEM Erma eerste ea ee oe uiara nea iA he 


Caisup, whole tomatoes; tomatoes poor, many de- 
cayed when received; but well washed and sorted. - 


Catsup taken from filler; made from sorted tomatoes . 
Catsup, whole tomatoes; tomatoes poor; many de- 
cayed when recei, ed; but well washed and sorted. - 
Meholetomatolcaisupseseeeseneee eee e eee see 
Pinished whole tomatoicatsup.--...-..---2--------- 
Matsup salicesfonibeamsseseee ie sak Cae 
Huushed whole tomato catsup; tomatoes sorted... -. 
are (0) 


1H, analyzed by B. J. Howard; S, analyzed by C. H. Stephenson. 


20. K., acceptable from inspection of raw material. 


Character] Yeasts 


from in- 
spection.2 


° 
AAA A AA 


ok 
alalata 


fe) 
ralatatatalatalalalalalalatata 


and 
spores. 


Per 1/60 
cmm. 
12 


Fields 
Bacteria. with 
molds. 


Niltion 
per ce. | Per eens, 
12 ” 


5 13 


5 
.v 7 
14 
i 

3 
14 
i 
16 
12 

6 
14 

5 19 

6 

6 
18 

6 

4 
10 

ii® 

6 
20 
16 

4 

& 


3 Very few. 


TaBLe 5.—Analysis of catsup made from bad or questionable stock as determined by visual 


Sample.! 


inspection. 


Description. 


71 

72¢ 
76¢ 
89D 
8ib 
82b 


83b 
Ht 103b 


H 106b 
H lile 


Be ee ae 


H 282 
H 284 


Catsup, sin and core; poorly sorted; not made up 
promptly; stock stood 1-6 hours............--..-- 
Catsup, skin and core; pieces more or less decayed; 
Not prompuly;mMadeesonnessaseee eee ce cee eee ee 
Catsup, whvle tomatoes; fairly wellsorted, but not 
fullysgappuoved sey yes: |e AE ON  2e Pes 
Catsup, whole tomatoes; fairly well sorted, but not 
ADPLOVE ease Se aU LE Re SN a Ue et ore 
Catsup, whole tomatoes; sorting open to criticism; 
MOD CHECEI VE? 2 ee ee ee he ee ak ae 
Catsup, wholetomatoes; sorting carelessly done and 
anetactive SS ee ST EY 


Canin whole tomatoes; imperfectly sorted; made | 
UD AOTOM Ply sese ore eee eee ae eee cee 
Catsup, whole tomatoes; not sorted but needing it; 
made promptly, well washed. ........--...------- | 
Catsup, skin and core; conditions very bad, refuse 
of e ery kind used without sorting; gravity 
ps2 {HOG Ee Ae nS ter Sahl s SA cae Heras see ones 9 
Catsup, whole tomatoes; fairly well sorted and 
washed BS OIRO NSE A SRE Ses BOE eS Sc Reree Meee sees 


1H, analyzed by B. J. Howard. 


2C, condemned in opinion of writers. 


Character 
from in- 


Spection.? 


Yeasts 


and 
spores. 


Per 1/60 
cmm. 
89 


143 


55 


15 
10 


Fields 
Bacteria. with 
EO 


Million hee ee 
per cee 0. Per cent, 
2 


130 | Ey 
15 20 
26 25 
24 | 34 
17 | 8 
17 | i 
12 | 37 

7 | 36 
91 | si 
35 | 16 

416 | 9 


3 In doubt and at least open to criticism. 
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PRODUCTS MADE FROM PEELED STOCK. 


A few counts on chili sauce are given in Table 6. The tomatoes 
used for this were a poor grade and required extensive trimming to 
remove the decayed material. The counts indicate how well this 
work was being done and what may be regarded as the upper limit 
for products made from peeled stock such as is used in chili sauce 


manufacture. 
TaBLE 6.—Analysis of chili sauce. 


Character| Yeasts Fields 


Sample. Description. from in- and Bacteria.| with 
spection.2/ spores. molds, 
Per 160 | Million 
72d | Poor raw material, welltrimmed. (Catsup No. 72c cmm. perce. | Per cent. 
made from trimming of these) ..............------ O. K. 11 12 ay 
73a | Raw stock well sorted. (Trimmings made into 
Pulp Sp) EL: es. SIS RE ed: Res O. K. 4 2 ( } 
73aa | Raw stock partly decayed, well trimmed-..-......-- ORK 6 9 (3 
fom ehroml sorted: tomatoese 2-222 sete seeee eee eee O. K. 1 | 5 2 
84d | Stock. (Peeled tomatoes from which trimmings | 
fol pulp: 84ewas obtained) ©2-.- 222-5 os-ne a= O. K. 6 | 5 9 
1 Analyses by B. J. Howard. 3 Nonein 58 fields. 
20. k., acceptable from inspection of raw material. 4 None in 39 fields. 


These figures are rather high for canned peeled tomatoes. Well 
handled stock usually gives very low counts. Fermented stock or 
reprocessed swells as a rule show a marked increase in organisms 
otherthanmolds. Moldsoccasionally develop, however, to a noticeable 
degree in sealed cans, although such instances are rare. One remark- 
able example of this character came to the notice of the bureau several 
years ago. A shipment of pulp in 5-gallon cans was condemned 
because masses of mold, some as large as a man’s head, were found in 
a number of cans. The size of many of the masses precluded any 
possibility of their having been present at the time the cans were filled. 

The bureau is sometimes asked whether it is advisable to sort raw 
stock intended for peeling, provided the trimmings are to be dis- 
carded. In answer to this question attention might be called to two 
or three of the chili sauce samples given in Table 6 and the products 
made from their trmmmings. As commonly understood, chili sauce is 
made from peeled tomatoes handled as for canning. The skins, 
cores, and bad portions are supposed to be removed during peeling. 
Chili sauce, Sample 72d, was made from poor, rather badly decayed 
stock, which, however, was so well trimmed that it was acceptable. 
The same was true of the stock from which Sample 84d was made. 
The stock used for chili sauce, Sample 73a, while poor, was well 
sorted before being peeled. Although a comparison of these three 
samples shows the counts to be slightly lower in the case of the sorted 
stock, on the whole the advantage gamed scarcely justifies making 
sorting a requirement on general stock if the peeled tomatoes are the 
only portions to be used. In these particular cases, the trimmings 
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were used for other products. The following comparison of the 
counts on them is, therefore, of interest: 


Fields | Yeasts 
with and Gacteria. 
molds. | spores. 


“i Per 1/60 | Million 
Per cent.| cmm, Per ce. 


Catsup made from trimmings of tomatoes peeled for 72d.............--.--- 90 143 130 
Pu!p from tzimmings of tomatoes peeled for 84d..............---.-------- 100 63 €0 
Pulp from trimmings of well-sorted tomatoes peeied for 73a............--- 20 13 9 


The contrast between the character of the first two and the last 
is a good illustration of the counts obtained on such types of products 
handled as these were. 


RELATION BETWEEN PERCENTAGE OF ROT AND MICROSCOPICAL 
COUNTS. 


During the earlier investigations made upon tomato products the 
character of the stock was usually determined by means of visual 
inspection only. In later experiments the counts were made on 
products in which the amount of rot in the raw stock was determined 
by weight. These experiments were divided into two groups. One 
group of samples was prepared in the laboratory from stock of known 
character, while the other group consisted of inspected stock made 
in the factory. ‘Decayed” or “rotten” stock is taken to mean 
such portions as would appeal to the average intelligent housewife 
or consumer as being decayed or rotten and unfit or undesirable for 
food. For purposes of study of the molds the two groups are con- 


sidered separately. 
MOLD COUNTS. 


LABORATORY SAMPLES. 


In tests conducted in the laboratory the amount of rot in the whole 
tomato was determined by cutting out and weighing the decayed 
portion and calculating the percentage. These portions were then 
mixed and pulped by rubbing through a 20-mesh sieve. In a few 
cases this procedure was modified by pulping the good and bad por- 
tions separately and then mixing them in the proportions desired. 
Experience has shown, however, that such a pulp is usually not quite 
as satisfactory to work with as the products normally manufactured 
because it is somewhat difficult to produce in the laboratory a pulp 
of just the same texture as that made under good factory conditions. 
The experiments and counts are nevertheless incorporated in this 
bulletin, because when compared with the counts on pulp made under 
factory conditions they show that the same general relationship 
between the percentage of rot and counts is maintained. The 
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results obtained (Table 7) are tabulated in the order of increasing 
amounts of decay or rot present in the original stock. Samples 
containing 1 per cent or less of rot show low counts on each type of 
organism, while in those containing more than that amount one or 
another of the organisms usually runs higher than is the case in 
good stock. 


TaBLE 7.—Relation between percentage of rot and microscopical count on laboratory 


samples. 
] 
Rot, by | Fields Yeasts 1] Rot, by} Fields | Yeasts : 
Sample.}| weight, with and Bacteria. || Sample. | weight, with and Bacteria. 
: in stock.} molds. | spores. } in stock.} molds. | spores. 
| 
Per 1/60 | Million | Per 1/60 | Million 
Per cent.| Percent.| cma. DEDcl | Per cent.| Per cent.| emm. per cc. 

eee ac 0 0 4 B) ||| Bosh esac 9.5 16 25 18 
ake 228) 0 2 4 At 2b ees sate 99 36 14 §3 
Bacoseos 0 - 0 9 3 | 2p ee eee 10.0 42 19 123 
Ape See 2 0 0 3 | 2A Wel Sele ses 10.0 42 | 19 116 
Hesse ss 0 2 4 BON As meee 10.4 30 41 93 
(ae ae 0 0 3 Dl DOM sey 11.7 6 | 68 87 
Ue See Ae 0 0 2 Hi) Oras oa22 12.4 54 23 34 
See ezea= 0 0 3 PEN Late eo 13.8 32 35 32 
Qensesee 0 0 9 14>) 32e ey 15.0 57 22 197 
OEMS gs 1 2 20 NO S335 Se eee 18.0 20 31 29 
UL See ae 1.8 0 20 28 SEs coon 19.1 66. 9 223 
1D 2 8 27 18)|| Sipe ee [seai20*0. 70 24 402 
1G} Sones 3 8 23 29) | BOee ese 20.0 63 22 366 
D4ee 555% 3.4 8 1 PA NWeW ise Seise 22 38 31 42 
is Be a a 4 16 35 55 || 38...-.--| 23.6 50 34 101 
168: 25). 5 22 38 69 1 SOse ees 24.3 74 12 

UES oe 5 4 28 13) | \40e eae 31 42 37 49 
WSes 2 oa 2 5 22 20 Gol) ieee 40 64 34 54 
1 SE 5.0 27 16 CO Wades 60.9 64 36 60 
208 5 -h 5.2 12 12 28 | Bie ah | 100.0 98 210 396 
2b tk. 5.5 60 7 ON] | Sac a/ 100. 0 100 35 65 
PLIES ae 7.3 0 6 CAIRC SSS aee 100.0 100 22 960 
(3 ESREEIe 7.5 24 4 15 | AGE ees este 100.0 98 103 860 


No high mold count occurs in samples low in amount of rot (Table 
7). In some instances, however, low counts of mold were obtained 
in samples containing a substantial amount of rot. In such cases 
the decay was due principally to yeasts or bacteria, the count for 
one of which is usually high (Samples 18, 22, and 29). If, however, 
mold is the principal cause of decay, the counts on yeasts and bac- 
teria are low (Samples 21 and 39). 

In Figure 1 the mold counts have been plotted as ordinates and 
the percentage of rot in the stock as abscissas. Having plotted on 
the chart the mold counts in Table 7, it is possible by connecting 
the outlying points to define the approximate limits of what may 
be called the ‘‘Zone of Possible Mold Counts.’”’ From the chart it is 
seen that within this zone any count within certain limits may occur, 
In the writer's experience no counts on laboratory samples beyond 
these mits have been observed. For instance, no laboratory sample 
with less than 5.5 per cent of rot gave a mold count of more than 50. 
In making the chart the zone beyond 24.3 per cent of rot is repre- 
sented on the basis of Samples 44 and 45, though the chart as drawn 
does not extend beyond the point of 30 per cent rot. 

4211°—Bull. 581—17—_2 
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MICROSCOPICAL STUDIES ON TOMATO PRODUCTS. 11 


FACTORY SAMPLES. 


To obtain data on a practical manufacturing scale, tests under 
various factory conditions were conducted. In some of the plants 
the conditions were excellent, while in others they were highly objec- 
tionable. In making the tests the amount of decay was estimated 
or determined by weight as accurately as was practicable. With 
whole tomato stock it was usually customary to take a representa- 
tive sample of from 25 to 50 pounds from the stream of sorted and 
washed stock on its way to the breaking-up tanks or to the cyclones. 
Tach tomato in such a sample was inspected critically and the bad 
portions cut out and separated from the good portions. The parts 
thus separated were then weighed and the percentage of rotten or 
decayed material calculated. To estimate the amount of decay in 
the trimming pulps the amount of decayed material in the peeling 
stock was determined as in the case of the whole tomato stock. 
Since all the decayed material in the peeling stock is left in the 
trimmings, the percentage as determined on the scalded stock was 
multiplied by two. Although this may not be strictly accurate, it 
approximates.the true figure nearly enough to be used as a practical 
working factor. It was adopted in calculating the data after tests 
had been conducted in various plants to determine what proportion 
of the stock sent to the peelers is left in the trimmings. 

Field work performed during the last three seasons has demon- 
strated that with proper cquipment and factory management there 
is no excuse for the stock which is ready for the cyclone to contain 
over 1 per cent of decayed material. Any excess is traceable to 
some fault in the system or to improper management. 


TABLE 8.—Relation between amount of rot and microscopical counts on tomato products, 
factory samples. 


Average | Average | Average Average | Average | Average 
Da rot, by elds yeasts | Average Day rot, by fields yeasts | Average 
y: weight, :| with and bacteria. i weight, with and bacteria. 
in stock. | molds. spores. in stock. | molds. | spores. 
Per 1/60 | Million | Per 1/60 | Million 
Per cent. | Per cent.| cmm. pence. | Per cent. | Percent.| cmin. per cc. 
Eee ae 0. 5 9 Pd eis .55 ie 1.0 SOK, | Ae See fa aren > SNS 
Peer ee Qe Wt he Owls eine lise a res oe Be Rasseoe 1.2 13 4 6 
Deeeocds 0.3 He Ve Mercia. oesee neni stokersy ss Daepysieior= 1.4 TVS 4 fs he ec aes 
AX 2 Ess 0.4 LO ek ee ral ee a en 1224 Se ease 1.8 9 ai 9 
Sie crys 0.4 7 6 8) PPwecssacc 1.9 PAU sees lea 1 eek ABV 
Gee a aete 0.5 Lit |S eae! INS eee l|:20 ees 2.0 AS Ae case! SIM ne ie 
Tees 0.5 1 OU lhc Ht j] 27-22 2222 DD DAU YAS 2 SER Ne 
Sau Soe 0.5 PAN See Stee (eee ieee 28a). PD) TW 5Y en Pe fa Sr Ee 
Oieacees 0.5 11 3 ll Peoceoee DA |p LGN ae Se | ee 
LOS 2s 0.6 7 Ee A met ick ees We scossed 3.2 OO br ease) seas ee eee 
itt eens 0.8 16 4 Ol seaprales 3.2 SOW a aes ee Nee ects ears 
P2ees oS 0.8 24 8 UG) Bene code 3.8 38 13 14 
We es\eiesic 08 18 14 110) II) Bee oo8 3.8 BU Zies Fas ety etsy LOS Cotsen et 
1 ea ee 0.9 19 il OO 4 eee ce 4.0 41 16 14 
libyeayraeres 0.9 20 13 fe) o5 are 4.0 CORR esteracoreys tetene cies 
GEER <5- () QUIS 2 ape paeee tale Ure 36 Rees 6.0 32 11 il 
Biers ore == (@) PAR e rte cral airman ree Ss Be eats 7.8 4 OU eiaveers els eral Py Niet e arare ve 
US at ests 1.0 2 2 Oileere coos 9.8 UP Geegeeaoeel son aneeere 
TG) a 1.0 8 51 6h || 39. aes 20.0 87 64 156 
20... 1.0 OA Ene See 2 ane) Oe Bis er ae 
i 


1 Summary of all determinations on similar products made on same day. 2 Jnder 1.0. 


12 BULLETIN 581, U. S. DEPARTMENT OF AGRICULTURE. 


Table 8 summarizes 39 days’ work under factory conditions on the 
relation between the amount of rot and the microscopical counts. 
As in Table 7, the results are arranged in the order of the amount of 
decayed material in the original stock. Under factory conditions it 
is frequently difficult to trace a definite portion of raw stock through 
the whole process of manufacture, with any certainty that the final 
product is from the same stock, unmixed with other lots. It has 
therefore been considered advisable to average the daily results 
obtained on the amount of rot and compare them with corresponding 
daily averages on the microscopic tests. It might be stated in this 
connection that the results thus summarized in Table 8 represent 
experiments conducted in 17 different factories and involve 179 
determinations of percentage by weight of rot in stock and 235 mold 
counts. 

Experience has shown that in factories where good, thorough wash- 
ing is employed and where promptness of handling is observed the 
mold count is of greater importance in judging the condition of the 
raw stock than the counts on the other organisms. High yeast and 
spore, and bacterial counts usually indicate secondary spoilage. In 
order to secure as large a mass of data as possible on the mold con- 
tent, complete counts for the other organisms were made in ouly a 
few cases during the field work of 1916. Hence the blanks in the 
table. A comparison of the field results shows that, as in the case 
of the laboratory tests, high mold counts were not found in the 
products made from stock which had been well handled and sorted. 

The results given in Table 8 emphasize two points also brought 
out in Table 7: First, none of the samples having 1 per cent or less 
of rot give excessively high microscopical counts; second, with in- 
creasing amounts of rot more or less increase in one or another of the 
microorganisms oceurs. They also show that while a comparatively 
low count may not always indicate a product made from suitable 
stock, it is clearly demonstrated that a high count on any one or 
more of the three types of organisms indicates bad stock. It appears, 
then, that one weak spot in the micro-counting system is its failure 
to disclose some bad products which should be condemned. 

To facilitate the study, the mold counts given in Table 8 have been 
plotted graphically in Figure 2, in which the “‘Zone of Possible Mold 
Counts” is indicated by the shaded portion. Attention should be 
called to the fact that beyond 20 per cent of rot the chart is plotted 
on the basis of the assumption that 100 per cent rot would give a 
mold count of 100 per cent of the fields. As a matter of fact, the 
mold count reaches this maximum of 100 per cent of the fields with 
less than this amount of rot, as will be seen by reference to the 
laboratory series. These high counts, while occurring occasionally in 
commercial samples, arenowrare. In the studies of the relationship 
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between, rot and count under factory conditions, 20 per cent of rot 
was the highest on which the full data were secured. From 0 to 4 
per cent of rot the mold count rises sharply. Beyond 4 per cent the 
rate of rise gradually decreases, until after 20 per cent of rot the rate 
of increase is slow. On the whole, the zone was higher on factory 
than, on laboratory samples. The chart shows that a count of 60 
per cent molds represents a rot content of not less than about 4 per 
cent. It is interesting to note that the mold count of 25, which was 
suggested as a factory working basis in 1911, represents at least 0.8 
to 0.9 per cent of rot. There may be more rot than that present, 
but, on the basis of the data at hand, it is highly improbable that it 
represents less than that amount. From the chart it is possible to 
calculate the approximate minimum percentage of decay represented 
by agiven mold count. Thus, for instance, a mold count of 40 enters 
the ‘‘Zone of Possible Mold Counts” at a point representing 2.2 per 
cent of decay. Therefore a count of 40 may be obtained in samples 
having any amount of rot between 2.2 and 100 per cent. 


SPORE AND YEAST COUNTS. 


As has been pointed out, such a degree of efficiency in washing and 
sorting may be maintained in good factory practice that the percent- 
age of decay in stock will be 1 per cent or less. With this in mind, an © 
examination of Tables 7 and 8 shows that on samples containing such 
amounts of objectionable material the counts on yeasts and spores 
are 20 or less per 1/60 cmm. In the majority of the samples the com- 
paratively low numbers of this type of organisms are noteworthy. 
This fact serves to emphasize what has already been stated, that high 
counts of these organisms are more frequently an indication of sec- 
ondary than of primary spoilage. Thus in the factory series of sam- 
ples (Table 8), which includes those having large amounts of decay, 
only one sample high im these organisms is found. In this case 
(Sample 39) it was trimming stock and was not made up as promptly 
as it should have been; consequently a certain amount of secondary 
spoilage had occurred. The estimate of 20 per cent rot is therefore 
under rather than over the true amount. All of the other factory 
samples were handled in such a way as to prevent appreciable sec- 
ondary spoilage. 

The combined results of yeast and spore counts, both on laboratory 
(Table 7) and factory tests (Table 8), have been plotted in Figure 3. 
Here it is seen that up to a count of 10 the results may be regarded 
as negligible. A count of 20 represents about 1 per cent of decay. 
From this point the rate of increase is slower. As in the case of 
molds, the rule that a moderately low yeast and spore count may 
not always indicate good stock but does indicate at least a certam 
amount of rot, holds good for this class of organisms. It is also 
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shown that high counts invariably indicate bad stock. From the 
chart it appears then that a count of 35 yeasts and spores in a unit 
. volume may indicate 4 per cent or more of decayed material. By 
connecting the outlying poimts in the chart, the upper limits of the 
‘““Zone of Possible Yeast and Spore Counts” are obtained. The 
limit of the zone shown beyond 12 per cent of rot has been based on 
the count for laboratory Sample 46. From such a chart it is possible 
to calculate the minimum percentage of rot which a certain count 
represents. 
BACTERIAL COUNTS. 

Considering now the counts of bacteria in Tables 7 and 8, it is 
found that in the samples with 1 per cent or less of rot the count on 
bacteria is relatively low. With greater amounts of rot more bac- 
teria may be found, till in Sample 45 a count of nearly a billion was 
obtained. In this case there was also a maximum mold count (100 
per cent). Comparing the results in Table 7 with those in Table 8 
it is noted that the mold count runs up more rapidly in the factory 
than in the laboratory series. With yeasts and spores and with bac- 
teria, however, the reverse is true, that is, the counts mount more 
rapidly in the laboratory series. This is explaimed by the fact that 
in the laboratory series the tomatoes had not been subjected to the 
mechanicalor factory method of washing, which results in eliminating 
much of the soft rot wherein these organisms are most abundant. 
The decay which resists this washing process is more commonly due 
to molds. The other organisms when present are usually, though 
not always, the result of secondary infection, and produce some of 
the very soft types of decay. 

The results of bacterial counts on the laboratory and factory sam- 
ples, tabulated in Tables 7 and 8, have been plotted in Figure 4. 
Below 15,000,000 bacteria the results indicate little as to the amount 
of decay, but above this point, up to about 20 per cent of rot, the 
ratio of increase as shown on the chart is about 20,000,000 for each 
per cent of rot. Beyond 20 per cent of rot the upper limit of the 
zone is based on the count on Sample 45 (Table 7). As in each of 
the other charts, the rule holds true here that a low bacterial count 
does not necessarily indicate sound stock, but a high bacterial count 
always indicates bad stock. 


MICROSCOPIC COUNTS ON TOMATO SAUCES AND PASTES. 


Tomato sauce and paste are practically the same kind of product 
as tomato pulp, but concentrated to a much greater degree. Hitherto 
no opinion has been published by the Bureau of Chemistry concern- 
ing the microscopic counts obtamed on the more highly concentrated 
tomato products, when handled in accordance with good factory 
practice. During the season of 1912 a study of these products was 
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made under factory conditions in Italy. These studies included 
investigation into the conditions of manufacture in each of the 
In many of 


important tomato-producing sections of that country. 
the factories experimental work was conducted. 


have been compiled from the data thus collected. 


Tables 9 to 12 


TaBLeE 9.—Analysis of Italian tomato pulp made from stock approved by visual inspection. 


Description. 


Character} Yeasts 
from in- 
spection.2 


and 
spores. 


Bacteria. 


Fields 
with 
molds. 


Made under personal supervision from fzeshly de- 
livered tomatces; washed but not sorted..--...-.. ua 
From freshly delivered tomatoes; controlled ex- | 
periment; washed but not sorted........--------- 
From freshly delivered tomatoes; washed but not 
Sorted yer ay eee ae sceneaes Ce es AAR oI Ns eS 
From approved trimmings; controlled factory test. -| 
Made under personal supervision from acceptable | 
ESIMUITNT OS 6 Ee ee LO a i ee 


O.K. 
O.K. 
ORK 
O. K. 
O. K. 
O. K. 
Oo. K. 
O. K. 
Oke 
ORK 
O. K. 

ple 


D> GComomnaanr 


= 
a 


_ 
Cr 


8 


1 Analyses by B. J. Howard. 


20. K., acceptable from inspection of raw material. 


Million 
per ce. 
14 


3 
(3) 
10 
7 
14 


4 


3 Very few. 


Per cent. 


bot 
ro ST OOO rH OCHO 


il 


Taste 10.—Analysis of Italian tomato pulp made from bad or questionable stock as 


determined by visual inspection.* 


Sample. Description. 
523. | Fromtrimmingsnot madeup prompily; fermenting! 
540a } From tomatoes sturedin bin 48 hours; very sour | 
and moldy; no washing or sorting. ............... 
542 | From tomatoes stored in bin about 54 hours; very | 
sour and moldy; no washing or sorting.......-.-- i 
9438) |. =< MOE s ca cette aCe aes ROE einer UR Ss eG 
545a | From tomatoes stored in bin3 or 4 days with 0 per | 
Centireshitomatoes See een eee beeen eee 
546 ore tomatoes storedin bin 24 hours; in bad condi- 
LOTS rath cats craig rates Se Reece ea mee ha aan 
549 | From tomatoes washed and stored about 8 hours 
InshinsMoTACcep tables secs sete ee eee 
551a | From tomatoes stored in baskets; sour and moldy... 
553 | From tomatoesstoredin baskets 24 to 48 hours; bad | 
CONMILIONS Sn asec See cae teen oleae ee ecaees | 
558 | From tomatoes bin-stored, sour and moldy .....-...- 
573 | From trimmings, waste and bad tomatoes. -.....-..-- 
575 | From trimmings obtained from peeling tables; not 
acceptables- vere eee specs sects as ae sae a neccw eee 
Biden ae Lom Gecayed tomatoesee senna cee ene 
BY Sigh| seer GOs Ke ee a 
579 | From trimmings taken promptly from tables but 
not of acceptable character_..........------------ 
580 | From trimmings allowed to stand 4 or 5 hours be- 
fore pulpin ges ee MRS ee een ae ee 
592 | From trimmings from fresh tomatoes, but delayed 
AM Ul pin Ge ee FEE ee a eeb ae oe ectem see ae seine 
595 | From whole tomatoes; many decayed...---.-------- 
ou 18 rom partly decayed stock......-...--.------------ 
asaaa ERGs Me OL tN ES ea eee. orp eaters 


j 


Character 
from in- 
spection.? 


Bice eV ie Pele) Cee) (eier tel ek ele) era 


Yeasts 
and 
spores. 


Per 1/60 
cmm. 
56 


253 


395 
275 


i 
| 
i 


Bacteria. 


Miliion 
per cc. 
1 


1 Analyses by B. J. Howard. 


Fields 
with 
molds. 


Per cent. 


2, condemned; bad product from inspection of raw material. 
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Table 9, which gives the data on the unconcentrated juice, shows 
that on acceptable stock, as determined from visual inspection, the 
counts were low, ranging no higher than on American stock. The 
average counts on these samples are: Molds, 8 per cent of the micro- 
scopic fields; yeasts and spores, 8 per 1/60 cmm.; bacteria, 7,500,000 
per cc. On the other hand, Table 10 shows the counts on unconcen- 
trated pulps from bad or questionable stock. In this case there is a 
marked increase in the number of organisms, especially of yeasts and 
spores and bacteria over that found to occur in sound _ stock. 
Hence it is reasonable to conclude that with proper control over 
the manufacturing processes Italian products should be fully equal 
to American products made under similar conditions. The fin- 
ished product is on an average 2 or 24 times more concentrated 


TasE 11.—Analysis cf Italian tomato sauces made from acceptable or fairly acceptable 


stock.+ 
Character] Yeasts Fields 
Sample. Description. from in- and Bacteria.| with 
spection.2| spores. molds. * 
Per 160} Million 
cmm. percc. | Per cent. 
520 | Irom freshly delivered tomatoes; madeuppromptly| O.K. 24 12 15 
: O. K. 25 38 18 
O.K. 4) 4) 12 
OK 46 28 15 
ORK 48 24 12 
do O. K. 32 4) il 
§39b | From freshly delivered tomatoes.-...-....---.-.---- O.K. 46 23 14 
548b | From freshly delivered tomatoes; washed but not 
SOnbEO stairly; 2000 SLOCKs to. -ngeseis so eee te ae K 51 31 22 
561 | Made under personal supervision from fresh toma- 
OCS eee se eee ary Sater ate eee ines a cee ore Kk 40 25 4 
1 Analysis by B. J. Howard. 20. K., aceaptadle from inspection of raw material. 


than standard pulp. Table 11 shows that the molds do not exceed 
25 per cent of the fields, or the counts obtained on normal pulp. 
On good stock the upper limit for yeasts and spores appears to be 
about 50 per 1/60 cmm., while for bacteria it is about 40 million 
per cc. In other words, the mold count does not seem to be much 
higher than that on the pulp, while the imcrease in the count for 
yeasts, spores, and bacteria is more nearly proportional to the degree 
of concentration. Examination of counts on the sauces and pastes 
made from objectionable stock as determined by visual inspection 
(Table 12) shows that as a class they run particularly high in yeasts 
and spores and bacteria and are also rather high in molds. The 
average of these counts, excluding the questionable samples, is: 
Molds, 57 per cent of the fields; yeasts and spores, 511 per 1/60 cmm.; 
bacteria, 285,300,000 per cc. The contrast between these counts 
and those in Table 11 shows clearly the effect of sanitary methods 
on the character of the product. 

Investigation showed the following to be the principal causes for 
high counts of microorganisms in tomato pastes: (a) Partly decayed 
stock imperfectly washed or sorted; (6) delay at some stage in the 
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manufacturing process, allowing secondary spoilage to occur; and 
(c) the use of “‘swells” or spoiled ‘‘half stock”’ (“‘ministrella”’). The 
particular condition causing the spoilage can sometimes be estab- 
lished in the finished preduct by microscopical examination. Sharp 
distinctions, however, can not at this stage of the investigations be 
drawn in every case. 


TasBLE 12.—Analysis of Italian tomato sauces made from bad or questionable stock as 
determined by visual inspection. 


Character] Yeasts Fields 
Sample. Description. from in- and Bacteria.| with 
; spection.2} spores. molds. 
Per 1/60 | Miliion 
cmm. perce. | Per cent. 
500 | From bin-stored tomatoesin bad condition........- Cc 1,120 466 ) 
501 | From partly decayed stock. .-- 22-22. 221 22.222. 2 2... Cc 843 233 65 
502 4 From tomatoes not washed or sorted; of doubtful 
Characters sees es ses a aan ans Red wa gaan ee Sia (3) 114 92 24 
503 | From tomatoes not washed or sorted; not approved. C 315 220 11 
516 | From tomatoes not approved ..-..-.-..-----1------- C 160 | 72 14 
517 | From freshly delivered, but not washed, tomatoes. . (3) 54 39 3 
526 | From tomatoes stored in bin overnight; partly de- 
6 Carved) eee oO SLi ON a Mut IRAE eS aan C 440 200 38 
527 | From tomatoes held overnight in bin; objectionable 
COT GLE TO 1S Sere Ee ry i Pn ey hs aaa ener oe Cc 230 96 39 
534 | From tomatoes stored in bin overnight; partly de- 
ELI, CL Pa Me hs aed Se Sas AU A NE Cc 349 96 43 
540b | From tomatoes stored in bins from Saturday till 
: Mondayalbad condition sean. see eeneeeeeee eee Cc 909 360 100 
545b | From tomatoes stored in bins 3 or 4 days; 50 per cent 
Ofireshitomatoes added =e eetes- na. seeeeeeee eee een. C 1, 200 700 60 
547 | From tomatoesstored in bin 24hours; bad condition. C 750 290 60 
550 | From tomatoes not approved because of handling 
SyStOM Meee sicher see aussmanse Eider tty Seeee to meton Cc 390 72 27 
551b | From basket-stored tomatoes; rather sour and moldy C 709 115 56 
559 | From bin-stored tomatoes; sour and moldy-_--.----- Cc 218 108 31 
562a | From trimmings allowed to stand; bad condition... - C 580 1, 250 712 
574 | From trimmings; bad condition._...._........-...- Cc 690 300 72 
di From trimmings and bad tomatoes..........----.-. C 659 309 88 
586 | From partly decayed tomatoes.........---...--.-.. Cc 400 | 400 88 
597 | From tomatoes, many decayed...-..--.---.-------- C 120 125 80 
GU} \lEGaad Oe atin Sctseinic acta ne viele tein se ee eee ea cele C 240 108 70 
600 |....- OO ee OAR AN Sens gmecabdoaeatmab sss dass aeseE C 220 96 55 
601 | From objectionable trimmings............-......-. C 550 400 30 
604 | From partly decayed stock............-....-.._..-. C 375 200 54 
| 
1 Analyses by B. J. Howard. 3 Doubtful, or open to criticism. 


2, condemned; bad product from inspection of raw material. 


The influence of improper storage and handling of stock is illus- 
trated by two tests run the same day at one of the plants visited. 
Sample A was taken from tomatoes stored in a bin overnight and 
not sorted or washed before being made into sauce. Sample B was 
a sauce made at the same plant the same day as A but came from 
good stock promptly handled. 


Mold Yeast and | Bacterial 
Sample. count. ‘pore count.) count. 
Bq 
| 
A | 43 340 | 96 
B | 12 48 | 24 


Thus it is seen that high counts on this class of products, as well as 
on those less concentrated, indicate bad stock or insanitary handling. 


bo. 
bt 


MICROSCOPICAL STUDIES ON TOMATO PRODUCTS. 


METHOD FOR MICROANALYSIS OF TOMATO PRODUCTS. 


Since the publication of Bureau of Chemistry Circular 68 no state- 
ment of the microscopical method used by the department has 
been issued. The bureau has received repeated requests for a 
restatement of the method, meluding more definite details of 
manipulation than were given in the circular. In 1915, after the 
method incorporating the most important of these details had been 
rewritten, the Association of Official Agricultural Chemists adopted 
it as a tentative method and published it November, 1916, in the 
Journal of the Association of Official Agricultural Chemists. At the 
meeting of the same association in November, 1916, a few minor 
changes were authorized. As it is uncertain when the association 
will publish the method in its amended form, permission has been 
granted by the chairman of the Board of Editors of the Association 
of Official Agricultural Chemists to incorporate it here. 


491 APPARATUS. 

(a) Compound microscope.—Equipped with apochromatic objectives and compen- 
sating oculars, giving magnifications of approximately 90, 180, and 500 diameters. 
These magnifications can be obtained by the use of 16 and 8 mm Zeiss apochromatic 
objectives with X6 and X18 Zeiss compensating oculars, or their equivalents, such as 
the Spencer 16 and 8 mm apochromatic objectives with Spencer X10 and X20 com- 
pensating oculars, the drawtube of the microscope being adjusted as directed below. 

(b) Thoma-Zeiss blood counting cell.” 

(c) Howard mold counting cell.—Constructed like a blood-counting cell but with 
the inner disk (which need not be ruled) about 19 mm in diameter.? 


501 MOLDS (TENTATIVE). 

Clean the special Howard cell so that Newton’s rings are produced between the 
s.ide and the cover glass. Remove the cover and place, by means of a knife blade or 
scalpel, a small drop of the sample upon the central disk; spread the drop evenly over 
the disk and cover with the cover glass so as to give an even spread to the material. 
It is of the utmost importance that the dropebe mixed thoroughly and spread evenly; 
otherwise the insoluble matter and consequently the molds are most abundant at the 
center of the drop. Squeezing out of the more liquid portions around the margin 
must be avoided. In a satisfactory mount Newton’s rings should be apparent when 
finally mounted and none of the liquid should be drawn across the moat and under 
the cover glass. 

Place the slide under the microscope and examine with a magnification of about 
90 diameters and with such adjustment that each field of view represents approxi- 
mately 1.5 sq. mm of area on the mount.° This area is of vital importance and may 
be obtained by adjusting the drawtube to the proper length as determined by actual 
measurement of the field, a 16 mm Zeiss apochromatic objective with a Zeiss X6 
compensating ocular or a Spencer 16 mm apochromatic objective with a Spencer 
X10 compensating ocular, or their equivalents, being used to obtain the proper 
magnification. 4 


_1These numbers refer to the sections as given in the Journal of the Association of Official Chemists, 
November, 1916. 

2Comment by authors: In using these cells the plane parallel cover giasses furnished with them by 
maker should be used instead of the ordinary microscope cover glasses, since the latter are subject to 
curvatures that introduce errors in the thickness of the mounts. 

3 Comment by authors: In order to have an area of 1.5 sq. mm the diameter of the microscopic field 
should be 1.382 mm. Thisis determined by using a stage micrometer and adjusting the length of the 
microscope drawtube. Obviously after the proper drawtube length has been secured that adjustment 
sheuld be noted and always used in making mold counts. 
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Observe each field as to the presence or absence of mold filaments and note the 
result as positive or negative. Examine at least 50 fields, prepared from 2 or more 
mounts. No field should be considered positive unless the aggregate length of the 
filaments present exceeds approximately one-sixth of the diameter of the field: 
Calculate the proportion of positive fields from the results of the examination of all 
the observed fields and report as percentage of fields containing mold filaments. 


511 YEASTS AND SPORES (TENTATIVE). 


Fill a graduated cylinder with water to the 20 cc mark, and then add the sample 
till the level of the mixture reaches the 30 cc mark. Close the graduate, or pour the 
contents into an Erlenmeyer flask, and shake the mixture vigorously 15 to 20 seconds. 
To facilitate thorough mixing the mixture should not fill more than three-fourths of 
the container in which the shaking is performed. [For tomato sauce or pastes or 
products running very high in the number of organisms, or of heavy consistency, 
80 cc of water should be used with 10 ce or 10 grams of the sample. In the case of 
exceptionally thick or dry pastes it may be necessary to make an even greater dilution. 

Pour the mixture into a beaker. Thoroughly clean the Thoma-Zeiss counting cell 
so as to give good Newton’s rings. Stir thoroughly the contents of the beaker with 
ascalpel or knife blade, and then, after allowing to stand 3 to 5 seconds, remove a small 
drop and place upon the central disk of the Thoma-Zeiss counting cell and cover 
immediately with the cover glass, observing the same precautions in mounting the 
sample as given under 50. Allow the slide to stand not less than 10 minutes before 
beginning to make the count. Make the count with a magnification of about 180 
to obtain which the following combinations, or their equivalents, should be employed: 
8 mm Zeiss apochromatic objective with X6 Zeiss compensating ocular, or an 8 mm 
Spencer apochromatic objective with X10 Spencer compensating ocular with draw 
tube not extended. 

Count the number of yeasts and spores 2 on one-half of the ruled squares on the 
disk (this amounts to counting the number in 8 of the blocks, each of which contains © 
25 of the small ruled squares). The total number thus obtained equals the number 
of organisms in 1/60 emm if a dilution of 1 part of the sample with 2 parts of water 
is used. Ifa dilution of 1 part of the sample with 8 parts of water is used the number 
must be multiplied by 3. In making the counts the analyst should avoid counting 
an organism twice when it rests on a boundary line between 2 adjacent squares. 


521 BACTERIAg(TENTATIVE). 


Estimate the bacteria from the mounted sample used in 51, but allow the sample 
to stand not less than 15 minutes after mounting before counting. Employ a magni- 
fication of about 500, which may be obtained by the use of an 8 mm Zeiss apochro- 
matic objective with an X18 Zeiss compensating ocular with draw tube not extended, 
or an 8 mm Spencer apochromatic objective with an X20 Spencer compensating ocular 
with a tube length of 190, or their equivalents. Count and record the number of 
bacteria in a small area consisting of 5 of the small-sized squares. Move the slide to 
another portion of the field and count the number on another similar area. Count 5 
such areas, preferably 1 from near each corner of the ruled portion of the slide and 1 
from near the center. Determine the average number of bacteria per area and mul- 
tiply by 2,400,000, which gives the number of bacteria per cc. Ifa dilution of 1.part 
of the sample with 8 parts of water instead of 1 part of the sample with 2 parts 
of water is used in making up the sample, then the total count obtained as above 
must be multiplied by 7,200,000. Omit the micrococci type of bacteria in making 
the count. : 


1 These numbers refer to the sections as given in the Journal of the Association of Official Chemists, 
November, 1916. 

2Comment by authors: The organisms counted as ‘‘yeasts and spores” are the yeast cells, and yeast 
-and mold spores, not bacteria spores. 


MICROSCOPICAL STUDIES ON TOMATO PRODUCTS. Da 


EXPLANATION OF CALCULATIONS. 


Figure 5 has been prepared to make somewhat clearer the expla- 
nation of the areas denoting the yeast and spore and bacterial counts. 
The light lines in the figure show the arrangement of rulings cn the 
entire slide. The squares (A, A, etc.) and rectangles (B, B, etc.) 
designated in theeigure by the heavy lines indicate the portions used 
for the yeast and spore and for the bacterial counts, respectively. 
The 8 large squares, A, A, etc., are the syuares used for yeast and 
spore counts. Each of these squares has 25 of the small squares. 
The sum of the organisms counted in the 8 squares marked A, A, 
etc.,is the number in 1/60 cmm.if a dilution of one part of product 
to two parts of water is used. 

Yeast and spore count.—The ruled square on the slide is 1 mm on 
- each side and the cell 
is1/10mmdeep. The 
volume of the ruled 
part is therefore 1/10 


emm. Theruledarvea 1 
is divided into 16 lazge HAS HA Beane. aan 
squares and the num- HZSS enema eeee! pH ebdabs 
ber of organisms is 7-alp Aan Spitneriinns = 
counted in 8 of these, mt BRESHINEELIEE m3 nee = 
which is equivalent to aE Gun 
1/2 of 1/10 emm, or igaaciagee i ae 
i cmm. If adilu- EE-HIEEAI ae 


tion of one part of the 
product to two parts 
of water is used 1/3 of 
¥/20 ‘emm, or 1/50 : 
emm as representing Aon 
the actual amount of 

original stock in 

which organisms are 


i 


Pan) Gavlobtnined Fic. 5. Diagram of Thoma rulings. One millimeter divided by lines 
counted, 1S Obtained. into 20 spaces in each direction, ea~h space equaling 1/20mm. To 
Bacterial count. — facilitate counting, every fifth space is subdivided by a line throvgh 


The rectangles, B, B, ‘m7 

ete., each melaas 5 of the smallest squares, represent the areas, 
used i in making the bacterial count. Similar rectangles of equal area 
might beselected, the object being to count 5such areas well distributed 
over the ruled portion of the slide. The average number of bacteria 
counted on 5 rectangles, such as B, B, etc., multiplied by 2.4 million, 
equals the number of bacteria percubic centimeter. In calculating the 
bacteria, it is observed that there are 400 (20 x 20) small squares on 
the slide. The number of bacteria in rectangles (B, B, etc.), each 
containing 5 of these small squares, are counted and an average made. 
This average represents the bacteria in 1/80 of the total ruled area. 
Since the cell is 1/10 mm deep, the volume represented by the organ- 


é 
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isms counted is 1/80X1/10, or 1/800 emm. With the usual dilution 
of one part of product to two parts of water the actual volume in 
which the number of organisms is determined is 1/3 of 1/800 emm or 
1 : 
2,400,000 “” 
SUMMARY. 

Tomato products promptly made from stock judged acceptable by 
visual inspection never show high counts of microorganisms. Simi- 
larly, products made from stock obviously not good or from stock 
improperly handled usually show high counts. It may therefore be 
assumed that high counts of organisms in such products indicate 
unmistakably that the stock used was in bad condition or was han- 
dled in an insanitary manner during manufacture. 

It was found that tomato pulp stored in barrels usually gave high 
microscopical counts; hence it would seem inadvisable to use barrels 
for storing the product. 

Field work performed during the past three seasons has proved that 
with proper equipment and factory management there is no reason for 
stockready for the cyclone to contain over 1 per cent of decayed material. 

In factories where the stock is properly handled the mold count is 
of greater importance than the counts on the other organisms in 
judging the condition of the raw stock. High counts of yeasts and 
spores, and bacteria are more frequently an indication of secondary 
than of primary spoilage. A low mold, yeast and spore, or bacterial 
count does not necessarily indicate sound stock, but a high count in any 
of these organisms always indicates bad stock or improper handling. 

It was found that of the samples made in the laboratory none with 
less than 5.5 per cent of rot gave a mold count of more than 50. 
In the case of the factory samples the mold count rises sharply from 
0 to 1/2 per cent of rot. Beyond 1/2 per cent the rate of rise grad- 
ually decreases, until after 20 per cent of rot the rate of increase is 
slow. A mold count of 40 may be obtained in samples having any 
amount of rot between 2.2 and 100 per cent. 

A yeast and spore count of 20 represents about 1 per cent of decay. 
From this point the rate of increase is slow. 

A bacterial count below 15,000,000 indicates little as to the amount 
of decay. Beyond this point, however, up to 20 per cent of rot the 
rate of increase is about 20,000,000 for each per cent of rot. 

An investigation of the manufacture of tomato sauces and pastes 
in Italy showed that Italian products should be equal to American 
products made under similar conditions. The mold count for the 
concentrated products was found to be about the same as that for 
pulp, and the yeast and spore and bacterial counts to be proportional 
to the degree of concentration. Sauces and pastes made from objec- 
tionable material run particularly high in yeasts, spores, and bac- 
teria. High counts on this class of products, then, indicate bad stock 
or insanitary handling. 


1/2400 cmm, or 
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The farm-management survey discussed in this bulletin was made 
in 1914 to check the results secured in a similar study* conducted in 
the same area during the previous year. The object of these surveys 
was to determine, approximately, the profits that farmers receive, or 
may reasonably expect to receive, in the irrigated areas of the inter- 
mountain region. (See Pls. I and II.) New data were collected 
with which to make a more complete analysis of the farm as a busi- 
ness enterprise in an effort to ascertain the factors which apparently 
control the income of the farmers in the above areas.? - 


SOURCE OF DATA. 


Farm-management survey records were secured from 106 farms. 
Two of these were discarded, as one operator secured nearly three- 
fourths of his total receipts from outside labor and the other virtually 
conducted a lodging house. The 104 records used in this bulletin are 


1 Bulletin 117, U. S. Dept. of Agriculture. 
2Many thanks are due the farmers who were interviewed in the prosecution of this 
study. A considerable portion of them had to put themselves to some inconvenience in 
furnishiag complete data on the results of their year’s work. Acknowledgment is hereby 
aie them for their hearty cooperation and active interest in the work. Thanks are 
> due the various persons engaged in marketing the farm products of this section 
Oi (particularly to Mr. Wm. Roylance), officials of the Forest and Reclamation Services, 


and to members of the staff of the Utah Agricultural College (particularly to Dr. R. J. 
Eyans and Prof. J. T. Caine, III) for information supplied during the course of the study. 


4734°—18—Bull. 582 1 1 


2, BULLETIN 582, U. S. DEPARTMENT OF AGRICULTURE. 


divided into the following classes: (1) Owners, (2) owners renting 
additional land, and (8) tenants. There are 75 records in the first, 
22 in the second, and 7 in the third division. All the records were 
carefully checked a number of times, farms revisited one or more 
times when the records seemed inaccurate, and in some cases indi- 
vidual statements were sent back to farmers for them to recheck at 
their leisure, that the figures obtained might be more trustworthy.+ 


SUMMARY. 


Following is a brief summary of the facts brought out by this 
study and of the conclusions drawn therefrom. 

(1) The size of the farm business, the type of farming followed, 
and the diversity of income, each has an important bearing on 
profits. As regards size, the labor income from 26 small fruit farms 
and general farms averaged $350; for 29 large fruit and general 
farms, $598; and for 20 live-stock farms, $1,394. As regards type of 
farming, the labor income of 16 small fruit farms averaged $302; 
of 18 small general farms, $383; of 17 large fruit farms, $611; and 
of 24 large general farms, $646. Eighteen dairy farmers made an 
average labor income of $1, 427, and three small poultry farms aver- 
aged $483. 


1Jn order that the reader may readily follow the discussion, certain technical terms 
which are used are explained. It is necessary that the reader understand them thor- 
oughly ; otherwise the interpretation of the results may be Someniaas difficult. These 
terms are as follows: 

Farm capital.—The farm capital is one-half of the combined value at the beginning 
and at the end of the year of the value of all real estate, improvements, machinery, live 
stock, feed and supplies, and cash necessary to carry on the farm business. It includes 
the value of the farmhouse, but not of the household furnishings. 

Receipts.—The farm receipts include the amount received from the sale of all farm 
products and also the receipts from outside labor, rent of buildings, etc. If the value 
of buildings, stock, produce, or equipment is greater at the end of the year than at the 
beginning, the difference is considered a receipt. 

Eaupenses—The farm expenses represent the amount of money paid out during the 
year to carry on the farm business. If the value of buildings, stock, produce, or equip- 
ment at the end of the year is less than at the beginning, this decrease is considered an 
expense. Household or personal expenses are not included, except the cost to the farmer 
of board furnished to hired help. The value of labor performed by members of the 
farmer’s family for which no payment was given is charged aS an expense. 

Farm income.—The farm income is the difference between the receipts and expenses. 
It represents the amount of money available for the farmer’s living, providing he has no 
interest to pay on mortgages or other debts. 

Labor income.—The labor income is the amount that the farm operator has left for 
his labor after 5 per cent interest on the average capital is deducted from the farm in- 
come. It represents what he earned as a result of his year’s labor after the earning 
power of his capital has been deducted. In addition to the labor income the operator 
received a house to live in, fuel (when cut from the farm), garden products, milk, butter, 
eggs, etc. The labor income corresponds to what a hired man receives when he is given 
so much wages in cash, together with board and room, or, in the case of a married hand, 
so much wages in cash, together with a house to live in, and produce from the farm 
for his kitchen. Interest at 5 per cent is deducted in order that the results secured may 
be compared with the results of similar surveys made in other sections where the pre- 
vailing rate on farm mortgages is 5 per cent or thereabout. Although the prevailing 
rate of interest on farm mortgages is 8 per cent in Utah (6 per cent in the case of 
money borrowed from the State), the farmers who rent land in this section pay a little 
more than 4 per cent on the average. 
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(2) The greatest need of the small farmers in this district is more 
land to work. Failing this, outside labor is a necessity if a good 
living is to be secured. 

(3) Although in many cases a greater diversification is needed, on 
the small general farms this is not nearly as important as an increase 
in size of farm. 

(4) The small orchardist should increase the area of his farm if 
possible and should also diversify. When he diversifies the fruit 
grower should do so with a crop or crops the market for which is 
more certain than for fruit. Under existing conditions one of the 
best methods for doing the latter is by the growing of sugar beets. 
Beans would also appear to merit much attention in this area. 

(5) In general, so far as practicable, the farmer taking more land 
should do so by rent or lease, rather than purchase subject to a 
mortgage, as he can usually secure the use of the land for little 
more than half what must be paid on a mortgage.. The money saved 
can be used for subsequent purchase. This, of course, does: not 
apply to the man with cash in hand for immediate purchase. 

(6) Some operators live in town and travel many miles a day to 
and from the farms. From a farm-management viewpoint this is 
an inefficient system. 

(7) With land values and labor cost so high, and the marketing 
situation so complicated, farmers in this area should make every 
effort to keep at the maximum that part of the family living which 
is secured directiy from the farm. The garden should be one of the 
regular enterprises and should be given adequate care. 

(8) A further increase in the number of very small farms in this 
region would seem to be unwise. The operators of such units have 
not enough land to keep them busy at profitable work. About 30 
acres seems to be the smallest size for efficient management without 
much reliance on live stock. Forty to fifty, preferably about 50 acres, 
seems to be the smallest unit for efficient management where live- 
stock enterprises are given a prominent place by the typical farmer. 
This is especially true of dairying. 

(9) When feasible, live-stock enterprises may well be made a part 
of the farm business. The kind and extent will depend on conditions. 
Men at present engaged in dairying should replace poor cows with 
better animals. Pork production merits more attention than it now 
recelves. : 

(10) In general, owing to market conditions, the proper place for 
orchard and truck products in this region is on general farms where 
they are used as fillers in the business as a whole. Certainly fruit 
should be produced only on farms where the orchard enterprises are 
supplemented in a substantial way by more extensive activities. The 
general farms which grow truck and fruit as secondary enterprises 
approximate the ideal cropping combination for this region. 
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3 PROFITS. 


To facilitate this discussion the 75 records from farm owners were 
divided into three groups, as shown in Table 1. 

The first group represents fruit and sugar-beet or truck farms, no 
one of which is as large as 27 acres, and most of them much smaller. 
The chief cash crops are fruit, beets, and truck, other crops being 
quite unimportant on these small units, 

The second group comprises those farms of more than 27 acres in 
size, but on which practically the same crops are grown as on those in 
the first class. Productive live stock (usually stock other than work 
animals) is of but minor importance in either division. The men 
operating more than 27 acres derive a greater proportion of their 
crop receipts from grain, hay, and sugar beets than from fruit. Con- 
siderably more than half of the total receipts comes from the sale of 
crops in both of these groups. 

The third group comprises the live-stock farms from which records 
were secured. Practically half of the total receipts on these farms 
comes from the sale of stock and animal products, while only a little 
more than a fourth of the total receipts comes from the sale of crops. 
The most important cash crop is the sugar beet, and fruit is a minor 
consideration if present. (See Table 7.) 


TABLE 1.—Average area, capital, receipts, expenses, farm income, and labor 
income on 75 farms operated by their owners. (Utah Lake Valley.) 


First Second Third 
Ttem Sr OuD (59 fruit (20 live- All farm 
3 - iF Tms. 

(26 small) oid beet | “stock 

farms). | farms). 


DIZOOMATMSS 2 ea. CA ee ES ae eee eee acres. - 16. 48 77.20 106. 65 63. 99 


Millapleianes, Per tarmiyoe be eee eee oe ei ee ee do.... 15. 04 56. 64 68. 06 45. 26 
C@ropiarea perfarm:. 522.2522. -! LSS Gonke oo Baas eee bPs ase do...- 13. 34 46.05 47. 81 35.18 
Gapibale sore ens ie GU NR ON TNO CAR Re aaa $6,142 | $13,337 | $16,507 | $11,688 
TRGORIOISS So Ske ee RoR eS oneae dee Sees ce nOeeeee Boss oe aaSoeese— om 1,311 2,460 3, 793 2,417 
DDG INES mo Sage o> menseceanonde Serpe poreas Se ees se see sb aoeasess 654 1,195 1, 57: 1, 105 
[beineabnOMne)y soos ss hus aSseseeeedeod She sesesege se desea isasee 657 1, 265 2,219 1,312 
GA DONMACOMO wat om se ae ye ae te Se onc peas oe Be yan pelea eye eye 350 598 1,394 728 


From Table 1 it is seen that the average size of the 26 small farms 
is 16.48 acres, with 15.04 acres of tillable land and 13.34 acres in 
crops. The average labor income from the operation of these small 
farms is $350. In addition to this amount, the operator had the use 
of such products as the farm furnished toward the living of the 
family. If he had no mortgage on which interest had to be paid, the 
farmer had the total farm income ($657) for living expenses and 
savings against the inevitable “rainy day.” The survey in 1913 
showed that the farmers similar to those in group 1, Table 1, made 
a labor income of $247, or practically a sixth less than in 1914. In 
the latter year more than half of these men reported large receipts 
from outside labor, labor done off the farm when farm work is not 
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pressing, and when the time of both man and team would otherwise 

_ be largely wasted. The item of outside labor will be discussed in some 
detail later. The average receipts therefrom considerably more than 
account for the difference between the labor incomes of the farmers 
on small units as shown by the 1913 and 1914 surveys. One man in 
group 1 made a labor income of more than $1,000, seven of more 
than $500, and one had a minus labor income, i. e., he failed to pay 
interest on his capital, and got nothing for his year of farm work. 

The second group of farms, 29 in number, is of the same general 
type as the first, but the average area is more than four times as large 
and the crop area more than three times as large, 46.05 as against 
13.34 acres. The capital is a little more than double that of group 1, 
and the labor income two-thirds greater. Seven of these farmers 
made labor incomes of more than $1,000, 14 of more than $500, and 
4 made minus labor incomes. They simply illustrate the fact that it 
takes money to make money, but that the more there is the more 

may be lost. 

The third group of farms, 20 in number, comprises the live-stock 
units operated by owners. Two of these men breed and raise horses, 
four specialize in chickens, and the remainder conduct dairy farms. 
These operators produce for the home market almost exclusively. 
This type of farming is not yet overdone, but the possibilities for 
extension, except along certain lines, seem somewhat limited. The 
average labor income is $1,394. 

The average labor income of all 75 owners ($728) compares favor- 
ably with labor-income figures secured in surveys made in other parts 
of the country. 

TABLE 2.—Average area, capital, receipts, expenses, farm imcome, and labor 


amcome on 22 farms operated by owners renting additional land. (Utah Lake 
Valley.) 


First Second. 


up 
E group m 

Ttem. (8 small ( ie All farms. 

farms). farms) 
SPUU CETL, ESS ee te ee ee eer cate er eae acres. - 20. 03 113. 25 79. 35 
HAVMHAEOMOWFCGS: © Clee as sthe) ee A EPR ST ae 0. 53 8. 03 89. 18 59. 67 
MOAVAGUALATEATENPEM sso. (oko. es ee ee dor. 12. 00 24.07 19. 68 
Wlablelareawer farms, LA. ST 8S) BoA ie Sit dots 18.59 47. 62 37.07 
OSPR AE CORDOL AAI a pore nap ee ac yer et ns aa ope nar doze: : 17.00 43.70 33. 99 
@Wapitals os. LE OS NRE Se SERN UNE UY Ree a ee $3,597 | $8, 041 $6, 425 
PEP ECIE Smet Pere me Ae ee note be 482 A ee 1,026 2,197 1,770 
SEER HS OS MEET teen ost We ee ra De wen ERE» ER RAR NL AVRO 448 1,095 859 
ARIVANCOME} 75 3158 2352. fee kt Se So ah este i, LR NAR RE Yt 578 1,102 911 
PPD IEE COIN Otek 2 nee: mare ieny meme mame TON STAT Oe Ste tak wees he 398 700 590 


t 


Table 2 presents the results from 22 farms where the operator owns 
an area which he deems too small for profitable farm management 
and rents additional land to overcome this drawback. This method 
of operation is becoming more and more general here, as elsewhere, 
with the rise in land values. It represents a step midway between 
tenant and owner, and is very effective in enabling men with limited 
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capital to increase their labor incomes with but a small increase in 
their investment. The first group in Table 2, with but three-fifths 
as much capital as the small owners in Table 1 ($3,597 as against 
$6,142), made considerably more labor income ($398 as against 
$350). They raised but little fruit, devoting a large part of their 
crop area to sugar beets. The size of farm and the crdp area is a 
little larger than with the men in group 1, Table 1. 

The second division in Table 2 comprises 14 farms comparable to 
those of the same group in Table 1. One of these farms is operated 
by a man who owns considerable range land, which he is just be- 
ginning to improve, and who rents a small irrigated area in addition 
to a few acres of such land already owned. The crop area of these 
two groups is a proper measure for comparison. The average capi- 
tal of these men renting additional land is $8,041 and the labor in- 
come $700. With less than two-thirds as much capital, they make 
practically one-fifth more labor income than the larger owners oper- 
ating fruit and general farms. Four of these “renting owners” 
devote considerable attention to live stock. If they are omitted, the 
other 10, with a size of business but a little more than one-third as 
large as the operators in group 2, Table 1, make a labor income of 
$581. This is practically as large as that of the men with whom 
they are compared. 

The last group in Table 2 shows the results for all the farmers - 
renting land in addition to the area owned. These men are com- 
pared with the last group in Table 1, which presents the average for 
all farms operated by their owners. The owners had considerably 
more tillable land, owing to the inclusion in Table 2 of a unit com- 
posed largely of unimproved land which was just beginning to be 
- brought under cultivation. The average tillable and crop area in 
the two classes under discussion is a proper measure of size. On 
somewhat smaller farms, and with a little over half as much capital 
as the average owner, the man renting additional land made an 
average labor income of $590, or nearly six-sevenths as much as that 
of the straight owners ($728). The greater proportion of live-stock 
farms run by owners accentuates the difference in labor income in 
their favor. 

The average labor income of all the owners and owners with ad- 
ditional land rented is $697. ‘The average capital is $10,096. This 
compares favorably with returns from a similar size of business in 
other parts of the country. 


TABLE 3.—Average area, capital, receipts, expenses, farm imeome, and labor 
income on 18 dairy farms. (Utah Lake Valley.) 


- Average. Average. 
Size) Oh tania acres! 229) dS EAG CVReCelpESs ter. tans a aeieee 20 oe $4, 227 
Tillable area per farm__do___ 82.88 | Wxpenses _____________ 1, 872 
Crop area per farm____do___ 57.46 | Farm income ________-______ 2,355 


COP On eS ee ea ege Sects leh en ee $18, 562) | Wabor incomes. 2222222222 ess 1, 427 
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Table 3 presents the average of all the dairy farms included in the 
survey. Notall are operated by owners, there being two tenant farms 
included and two which are operated by owners with additional land 
‘rented. These are all handled as though run by straight owners, 
the operators being charged with the landlord’s expenses, credited 
with the corresponding receipts and interest on the landlord’s invest- 
ment deducted from the farm income to secure the labor income. 
Six of these farms sold butter or butter fat, 11 sold market milk, and. 
1 sold as much of one as of the other. The market-milk men averaged 
approximately $1.45 per 100 pounds for their product, while butter 
sold for 30 to 35 cents, and butter fat for 28 to 32 cents per pound. The 
men selling whole milk averaged somewhat larger labor incomes than 
the others, but their line of production is quite limited and the market 
for milk is already fully supplied except for a short time in late sum- 
mer. One of the butter-fat farms, a large, well-managed unit, made 
a, labor income better than most of these marketing the product as 
whole milk. The skim milk was fed to hogs, and the hogs were raised 
with aminimum of labor. ‘The receipts from hogs largely account tor 
the unusually high profitableness of this farm. 


TABLE 4.—Average area, capital, receipts, expenses, farm and labor income on 
seven tenant (rented) farms. (Utah Lake Valley.) 


Item. Farm. | Tenant. | Landlord. 
Acres 
SHVAD OH WN. |S SRO SH RBS oes aesedeeo saswd nas sdwadndas Sosecdsetbsodanee SON OB Tee eee seine seeeeeeine 
billaplejarca,perianm asso) se5. eee — eee a een n= ees ee == einen Hee eS Soucces|laccoaoo2ccoe 
GHOD DIKE OE Tea, «see ewe ees slseee bode Sos oebbecsseer seas Season asEsdee 257-3) | RBpoosss5|boosconceaee 
Capp ihalleere ee ee = ee ees eet Eo ea MN oee eo ceeer necne| seo secsaas $1,117 $17, 469 
HESGEOUDUS-oee sens ene See osedsdecaccgscsesngecde sooessesassrecs|[bc soseeose 2,118 1,617 
IDp-q OG HRUSE > A AOA ee aster peas SeSes4= ce See ner Senor sae see Sse De sre se ran a BoSescescc 1,050 589 
Farm income.....-...-------------------------- +--+ ++ 2 22222 eee eee seer elon eee eee 1,068 1,028 
Waborineome. je. <--- \-- 6 = - =) ieee be = a a ww se eae ee = ee wine eee O12 We eee oe 
Per cent on investment.....-...-..-..---------.----------++---+--------- Desa cial ccs ees 5,793 


Table 4 presents the results secured from 7 farms operated by 
tenants. The tenants made a labor income of $1,012, and the land- 
lords 5.79 per cent on their investment. 


RENTING COMPARED WITH BUYING. 


From the preceding tables and discussion it seems very clear that 
the man with limited capital should rent rather than buy land in 
this area. The prevailing rate of interest on farm mortgages is 8 
per cent. The average owner of the 22 renting additional land had 
the use of $4,447 in real estate belonging to the landlords, and paid 
only 4.1 per cent for it ($182). The tenants paid less than 6 per 
cent on the average, but with only $1,100 owned capital they made 
labor incomes much larger than the men in Table 2 or in the first 
two groupsin Table 1. The man with a small farm would do well to 
rent additional land and use the capital represented at a relatively 
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low rate of interest until he can buy outright, rather than borrow 
money at 8 per cent in order to buy. The savings from the opera- 
tion of larger farms could perhaps be loaned at 8 per cent to trust- 
worthy neighbors desirous of buying at the time, and thus earn 
double the interest which would have been paid if put into the bank. 

So far as the writer was able to discover, recent purchases of farm 
land in the Provo area, when made by farmers who had acquired the 
money by farm operations, usually have been effected by men op- 
erating units larger than those in the first groups of Tables 1 and 2; 
that is, the small owners and small owners with additional rented 
land. In other words, these purchases have been made by men 
operating larger farms. 

While a large part of the farm income in this section is available 
for living expenses and savings, practically all so available to the 
small operators is used for living expenses, and very little reaches the 
savings account in the bank. This is another argument in favor 
of the men with limited capital renting land rather than buying in 
this area at the present time. It enables them to farm a larger area. 


DISTRIBUTION OF RECEIPTS. 


Tables 5 and 6 present the distribution of farm receipts under the 
different headings. Practically six-tenths of the total receipts in the 
first two groups in Table 5 and the first in Table 6 come from crops. - 
The second division of Table 6 agrees with the others if the four 
live-stock farms included in it are omitted. If the increase in inven- 
tory owing to new machinery bought and improvements made is 
excluded from the receipts and expenses, the proportion of receipts 
from crops in these groups is practically two-thirds of the total. 
In these divisions receipts from stock and stock products average 
low except in the second division of Table 6, which contains four 
live-stock farms. Without them this group does not vary from the 
others mentioned above. One-half of the percentage under “ In- 
crease of inventory ” in groups one and two, Table 5, and group two, 
Table 6, are due to improvements and new machinery. Nothing 
under this head enters into the figure for the first division of the 
second table. The bulk of the miscellaneous receipts of the small 
operators and of the large owners (fruit and general farms) comes 
from outside labor. 

The live-stock farms in Table 5 secure one-fourth of their receipts 
from crop sales, one-half from sales of stock and stock products, and 
virtually one-fourth from increase of inventory. One third of the 
last is due to new machinery and improvements. 

The fourth group in Table 6 presents the distribution of the re- 
ceipts for all 97 farms operated by owners and owners with additional 
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land rented. Nearly a half comes from the sale of crops, almost a 
fourth from stock and stock products, 5 per cent from miscellaneous 
(largely outside labor), and nearly a fourth from increase of inven- 
tory, about two-fifths of which are due to new machinery and im- 
provements. Excluding the last item, the receipts on all 97 farms 
average $2,049 per farm, of which 51.2 per cent comes from crops, 
5.1 per cent from stock, 21.7 per cent from stock products, 5.8 per cent 
from miscellaneous, and 16.2 per cent from inventory increase due 
solely to farm activities. 


TABLE 5.—Distribution of farm receipts on 75 farms operated by their owners. 
(Utah Lake Valley.) 


Second ee 
First group ir 
group | Propor- l Cr. Propor- archi Propor-| Aver- | Propor- 
Source of receipts. (26 | tion of fete tion of live tion of | age (75 | tion of 
: small | total. al total Sicik total. farms). total. 
farms) beet farms) 
farms) 
Per ct. Per ct. Per ct. Per ci. 
WIOUSESt ee eck ees ccc ck cece ce ee $763 58.2 | $1, 481 60. 2 $945 24.9 | $1, 089 44.6 
Sin cite [A ane) OSes See ees a ey ae 51 4.0 103 4.2 198 je2 110 4.9 
SUOCKIDLOUUCIS @ 26-2 Ak ck cos soe Sachin 54 4.0 87 Bir |f MEZA) 45.0 £0) ny”) 
Miscellaneous (includes outside labor) 147 11.2 140 5.7 51 1.4 117 4.8 
Increase ofinventory (less decrease) - - 296 22.6 649 26.4 889 23.5 592 24.7 
“A NOY TEEN] Peg eee Pee er: (Ue 1,311 | 100.0] 2,460] 100.0] 3,793} 100.0] 2,417 100.0 


TABLE 6.—Distribution of farm receipts on 22 farms operated by owners with 
additional land rented. (Utah Lake Valley.) °* 


Aver- 
eye for 
5 own- 
Second 
First | propor-| StOUP | P A P oo owe | P 
: oup | &: Por} ° (44 ropor-| Aver- | Propor-| 22 own-| Propor- 
Source of receipts. (small tion of TBKBED tion of | age (22| tion of ers | tion of 
farms) total ened total. |farms).| total. | with | total. 
farms) elo 
e tional 
rented 
land 
Wench Per ct. Per ct. Per ct. 
WrapSmeeee tenes as Soecaes seekers $653 63.7 | $1,049 47.8 $905 51.2 | $1,049 46. 2 
Sit. sn cesar oneal erases pereents 26 PA) 124 5.6 88 5.0 "105 4.6 
stock products: -<! 5. -tn--5.42. 026 & 32 3.1 336 15.3 225 12.7 444 19.6 
Miscellaneous (includes outside la- 
[OID os <p don Ae aE SSE seas 144 14.0 106 4.8 120 6.8 119 5.2 
Increase ofinventory (less decrease). - 171 16.7 582 26.5 432 24.3 554 24.4 
SUT E ae Sale a lee et Par alt 1,026 100.0 | 2,197} 100.0) 1,770} 100.0] 2,271 100.0 


Table 7 presents the distribution of crop receipts on the various 
farm types. It is evident that fruit is an important crop. The 
receipts for fruit per farm are $387, or 36.9 per cent of the crop 
receipts. The small owners go in relatively more heavily for fruit 
than any of the others. Fruit is nearly as important in the second 
group of this table as in the first, but in the third group it becomes 
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quite secondary to other enterprises. Operators have been much dis- 
couraged in recent years over the outlook for fruit growing, especially 
peaches. The men not already on fruit farms do not feel that they 
can safely depend on such sources for their income. Accordingly the 
area of new plantings is small. 


TABLE 7.—Distribution of crop receipts on farms operated by their owners and 
on farms whose owners rent additional land. 


. On 22 farms operated b 
On 75 farms operated by their owners renting addi- 


berg tional Jand. 
i Aver- 
First Second | Third aes |S 4 BES i 
group | group e TS econ _ | farms 

group (29 (20 Aver group |group (14 Aver 

Source of crop receipts. Es fruit live- Hee (8small| general eee : 

farms), {And beet| stock - | farms). | farms). ). 

*| farms). | farms) 

qi q q q q q | q 
d isd d led/ d iss| 8 Sel d Se] d Es Slee] d Se 
& |So| & 160] 8 |So] & |Sco| 8 (S56) &B |So] SiSol & [SS 
BS 1OrP] eS ar es ar] ar) FH jar] - AaFl Fe Ar] 4 ar 
Ble |e Ge a Be Ee a] & Eola | & ee 
Per Per Per Per Per Per Per Per 
ct. ct. ct. ct. ct ct ct. ct. 
(Cloyne sel Ue Aeeaak ees aes as) PS eae ica AIL CN OhAN CHP OMT eek Seles se) sos eioedoeac $1/ 0.1 
Potatoes 5 Rtas Mee ees ay i $57| 7.5| $41) 2.8) 43) 4.6] 47] 4.3] $87/13.3] $83) 8.0] $85) 9.4 56] 5.3 
Wihea te eee oh ne oe 8} 1.1) 78) 5.3) 6) .6) 34! 3.1) 39) 6.0) 49 6} 45) 5.0) 37] 3.5 
CORY ISS Soe ii a Sega eel ae oe | Dera tia Bp cae yp add tal Ae al bee 22) 2.0) 13) 1.4 | .5 
MPA Vee ice ieee ce as Shs -6| 100] 6.7|. 20) 2.1/ 46] 4.2 45] 4.3} 30] 3.3) 42) 4.0 
Bee isis as Weare: Sees 162/21.2) 399/26.9] 783/82.9] 419/38. 4] 473]72.4| 629/60.0] 572/63.5| 455/43. 4 
MrdcksCropssascscseeeee enue 65) 8.5] 61] 4.1) 13] 1.4 50) 4.6) 22) 3.4 88} 8.3] 64] 7.0) 53) 5.1 
Applesti eee UE eS 162)/21.2) 166/11.2} 59) 6.2) 135/12.4) 21] 3.2) 52) 5.0) 40] 4.4) 114/10.9 
Peaches. . mist aes LR ea EN ge 175\23.0} 230)15.6) 5) .5) 151)13.9]..._]...- 56| 5.3} 35) 3.9) 125)11.9 
Other fruit mainelet ieee cee ie 122/16.0] 367/24.8) 8 .9| 187|17.2) 7) 1.1) 25) 2.5) 19) 2.1] 148/14.1 
Miscellaneous crops...-...... Bes BuO RAN SC Saye TART eG ors Albee 10m Si alee Meee ae 13) 1.2 
otal seve. So ko: 763} 100}1, 481] 100} 945) 100)1, 089) 100} 653} 100)1, 049) 100) 905} 100/1, 049) 100 


A person driving through this section in a casual way might come 
to the conclusion that fruit formed the chief product. In 1914, how- 
ever, fruit contributed but one-sixth of the total farm receipts on the © 
97 farms of Table 7. Excluding dry-land farms the average size of 
100 farms surveyed is 54.64 acres, with 5.22 acres in bearing fruit 
and 1.76 acres not yet in bearing. Fruit, bearing and not bearing, 
occupied only one-eighth of the farm area. On the whole, it seems 
just as well that the proportion is no larger. 

The sugar beet is the most important cash crop for this area as a 
whole. (See Pl. III.) Nearly 50 per cent of the total crop sales on 
the 97 farms in Table 8 and a fifth of the total receipts were from 
beets. Those operators who rent additional land secure from three- 
fifths to three-fourths of their crop receipts from beets, and the live- 
stock farmers average more than four-fifths of their crop receipts 
from this source. 

Sugar beets in Utah bring only a moderate price—$4.75 to $5 per 
ton—in most cases in the Provo area. But this price is steady. The 
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growers know what their beet crops will bring per unit; the uncer- 
tainty attending the marketing of the fruit crop is absent. With 
land values as high as is the case in this district and with the distance 
to outside markets so great, crops yielding a fairly high return per 
acre and capable of being marketed at home must command a large 
degree of attention. The predominance of the sugar-beet crop is 
therefore only to be expected. It is the mainstay of Utah farming in 
the irrigated areas. If for any reason this crop were to become perma- 
nently unprofitable, farm-management problems of the gravest kind 
would arise. 

Table-8 presents data for a number of small farmers who specialize 
in sugar beets and grow little or no fruit. The importance of the 
sugar-beet crop in the Provo area is again made clear. 


TABLE 8.—Distribution of receipts from 16 sugar-beet farms. (Utah Lake 


Valley.) 
See Second 
group (8 group (8 
First farms First es 
group (8 Gpprated sroug (8 Gecrated 
arms y arms 
Item. operated | owners Ttem. operated OTROS 
by renting by renting 
owners).| addi- owners).| addi- 
tional tional 
land). land). 
Size of farm............ acres. . 16533) |, 20:03%)|| Capitals sess ae 22a eee eta $7, 039 $3, 597 
Farm area owned.....-. GWE nae 16. 33 8.037) ||PRCCeIpUSa)enese see ete ee alae 1,140 1,026 
Additional area rented..do....|.......-.-. 12500)||) HER eNSeSE ¢ Semen cee see cas 414 448 
Cropjareas. 32 ...b 52... dows: 13. 50 1700))||; Harmyincomes= 2 ses s-ecee ses 726 578 
Area in sugar beets.-.... dos. 6. 03 6.60 || Receipts from. outside labor. -. 166 135 
Receipts from sugar beets, Wabor incomes os jos ose. tae ce = 374 398 
dollars see eecoe ieee Soh Sees 503. 00 473.00 
Proportion of total receipts | - 
from crops..-....- per cent... 73. 00 72. 00 


The first group comprises the eight small farms of owners who 
specialized in this crop. Nearly half the crop area is in beets, which 
are raised on 6.03 acres. The labor income averages $374, of which 
$166 came from outside labor. The second group comprises the 
eight small owners with additional land rented. They have a larger 
area in crops and slightly more land in beets. Their labor income 
averages $398, of which $135 comes from outside labor. In both 
groups sugar beets brought in nearly half the total receipts and 
practically three-fourths of the crop receipts. The larger area 
cropped by the men in group 2 suggests that they have a slightly 
ereater diversity of farm enterprises, which normally would tend to 
give a better labor income. It should be noted that the small owners 
with additional land rented have just half as much capital invested 
as the small owners, yet they manage more land and make better 
labor incomes than do the latter, and derive a larger percentage of 
their incomes from strictly farm operations, 
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Table 9 presents the distribution of expenses under the various 
headings. Improvements and new machinery are a surprisingly large 
item. This was due in large measure to the erection of new dwell- 
ings or other buildings by some operators in four of the groups, to a 
considerable extent with borrowed money. The expense for labor is 
thus decreased to a little over one-third of the total expenses. 


TABLE 9.—Distribution of farm expenses on 97 farms (Utah Lake Valley). 


On 22 farms operated. by own- 


On 75 farms operated by their owners. ers renting additional land. 


First | Second | -phira First | Second 


group (26| Fraitand | group (20 | “58° | group (8 group (1 Vor 
sma ve-stock smal enera’ 
Item of expense. farms) ens) farms). farms). farms). farms). farms). 
IRE Medl ine VICES ie. [ith coh (SE ae] hook Wie eul Teele leeratn (Beier Beare | ee 
ep Sa) EUS aE Sa Eb ise e isa sh Seas lea 
B +S6] & |leo| & |S! 8 186] 8 |S6! 8 1S6| 8 | Se 
al Qr Saal lon baal or bal [or ctf or baal Qe C= [oh 
8 |25| 8 |e5|] & |28] & |as|] & |2S] & |2S| &F las 
A A AY Ay Ay Ay Ay Ay Ay | Ay Ay Ay Ay | Ay 
Per Per Per Per Per Per Per 
cent. cent. cent cent cent. cent cent. 
Paid labor and board...-- a0 20.2 | $244 |20.4 | $397 |25.2 | $245 |22.3 | $68 {15.1 | $206 |18.8 |$156 | 18.2 
Family labor-.....-...-.- 9.5 | 192 |15.2| 218 |18.9] 154 |14.0] 38) 8.5] 110 /10.0] 84] 9.8 
Improvements and new 
equipments: --22--aee- 143 22520283) 2460 ZOO) | oleae Onl seem e= see 218 |19.9 | 138 | 16.1 
REWRITSE =2e scenes chee ce 23 | 3.6 51 | 4.3 59 | 3.7 43} 3.9] 38] 8.5 38 | 3.5] 38] 4.4 
HGGGE sen se tees £2 20.2 sesh 74 |11.5 79 | 6.6 | 221 |14.1 | 116 /10.5] 44/9.8 85 | 7.8] 70} 8.1 
Horseshoeing.....-..--- 10} 1.5 14] 1.2 19 | 1.2 14] 1.2 6 | 1.3 13} 1.2 | 10), 222 
Seed and fertilizers. ...-. 14 | 2.2 19} 1.6 8| .5 15 |] 1.3 GS |) alga 12}1.1 |] 10) 1.2 
aay materiales sss--- 6: 14 | 2.2 25 | 2.1 OP |e) 16] 1.4 2| .4 10] .9 7 -8 
chine work hired..... 20 | 3.1 30 | 2.5 43 | 2.7 30 | 2.7] 31 | 6.9 32 | 2.9| 32] 3.7 
Interest, taxes, etc...... 70 |10. 9 144 {12.0 175 |11.1 127 |11.4 | 157 |85.2 | 250 |22.8 | 216 | 25.1 
Miscellaneous area ae 41 | 6.4 80 | 6.7 65 | 4.1 60 | 5.4] 16 | 3.6 52/4.8] 38] 4.4 
Stock purchased......-- 43 | 6.7 34 | 2.8 97 | 6.2 54 | 4.9 43 | 9.6 69 | 6.3 60 7. 0 
otalsaerose ess 643 | 100 |1,195 | 100 |1,574 | 100 |1,105 | 100 | 448 | 100 |1,095 | 100 | 859 | 100 


1 Includes decrease inventory. 


Many operators pay members of the family for labor performed in 
rush periods at the same rate as is paid hired labor. The members of 
the family then buy their own clothes. Many men paid a substantial 
wage to grown or nearly grown sons for all work done on the farm. 
In these cases the labor was classed as hired labor. 

‘The item for machine work hired relates principally to the seed- 
ing of the sugar-beet crop. The factory furnishes seed, machine, 
and labor, and charges $2.75 per acre. No attempt was made to 
segregate the actual cost of the seed, as the work is a contract job at 
a flat rate. The part of this item not covered by the beet seeding 
deals largely with grain-binder and drill hire and that of orchard 
sprayers. The areas in grain are usually very small, and the oper- 
ators fully realize that it does not pay them to keep a drill or binder 
for such small acreages unless they can hire them out to their neigh- 
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bors. Much of the small grain is broadcasted by hand. The item 
under “ Interest, taxes, etc.,” is disproportionately high in the case 
of owners with additional land rented, because it includes cash rent. 


THE FARM FAMILY—MORTGAGES. 


In Table 10 are presented data on the age of the farmer, the size 
of the farm family, and the amount of the mortgage on the farm. 


TABLE 10.—Age of the farmer, amount of mortgage, and size of family on farms 
operated by their owners and on farms whose owners rent additional land. 
(Utah Lake Valley.) 


On 22 farms operated by owners renting 


On 75 farms operated by owners. Hddinianaleland 
Farm group. 
Number | Age of | Amount amos Number} Age of | Amount ae 
of farms. | operator. |mortgage. onl eae of farms. | operator. |mortgage. oil aie 
Years. Years. 

Small farms.....-..-- 26 46.3 $304 5.1 8 40.6 $162 4,8 

General and fruit 
HOES. socoscanoes 28 50.1 800 7.0 14 43.6 721 5.0 
Live-steck farms. .... 21 51.0 729 UR uleerhe ee ees | lames aul irae se Ltereen | aoe iia wees 
Totaland average 75 49.0 608 6.0 22 42.5 518 4.9 


A very encouraging fact is the small size of the average mortgage 
on the farms reported in this survey. The amount of borrowed capital 
ranges (by groups) from 4.2 to 9 per cent of the total capital invested 
by the operators. The average for all 97 owners and owners with 
additional land rented is but 5.7 per cent of their total investment. 
This means that the average farmer of those visited in this particular 
survey has nearly the whole of his farm income for living expenses 
and savings. . 

With increased size of farm by groups (see Table 10) the age of 
the farmer increases. This appears to be the rule wherever farm- 
management surveys have been made. The average age of the owners 
is 49 years, while the average age of the owners with additional land 
rented is 42.5. A considerable difference in these ages is but natural. 
The owners with additional land rented are in a period of transition 
from tenancy to ownership. The seven tenant farmers in Table 4 
"average 33.7 years in age, as would be expected in a group represent- 
ing a still earlier period in the transition from tenant to owner. 

The size of the farm family averages large, just as in 1913. The 
tenant farmers average 4.4 persons per farm family as against 4.9 
for owners with additional land rented, and 6 for the owners. The 
differences are largely due to difference in age of the farmers in these 
groups. In this connection it should be noted that the “farm 
family ” contains only those members of the operator’s family living 
at home. Members living elsewhere are not included. 
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The average value of the farm dwelling is $1,074, other houses $96, 
and other buildings $430. The buildings other than the dwellings 
are of low value on all but the dairy farms. In most cases, the dairy 
farmers have learned the greater efficiency of feed when the cow 
barns are fairly comfortable in the cold season. 


WORK HORSES. 


The data concerning the number of work horses per farm and the 
crop acres per horse are presented in Table I. 


TABLE 11.—Nwmber of work horses and crop area per horse (Utah Lake Valley). 


wt 


Number Crop 


Number 
Farm group. L = of work | area per 

of farms.) horses. | horse. 

Acres. 
dai amen S atria ie cee rae conse aes = -oranss SEEPS cle Ges see ercietoreln sails 34 1.94 7.32 
General anditruitfarmss 2.3. sos oes oo ewes ee See ee ee eeeeen 49 3.71 12.14 
MUIVE-s LOCI ANINS .o0¥ sparse sania s au nee eaie c Paioiae Suiseryaos See oie mee nae winee om eters 21 4.60 11.30 
TRO AMOTAVELADC we ae ace eee seep ee 5 ne en oe eerie erie icra 104 3.31 10. 98 


The small farms have 1.94 work horses and only 7.32 acres of crops 
per horse. This shows a relatively low efficiency of the farm draft. 
The larger farms have an average of 11.89 acres of crops per horse, 
showing 62 per cent greater capacity in this respect. The average 
for all farms over 60 acres in size shows 70 crop acres and 4.76 work _ 
horses, or 14.7 crop acres per horse. The efficiency of the farm draft 
is double that in the case of the small farms. With the total cost of 
keeping a horse a year ranging from $70 to $100, the inefficient use 
of the farm draft on small farms represents an appreciable reduction 
of the labor income unless the herses can be used in idle periods at 
outside work. ; 

With the cost of keeping a horse so high, an average charge of from 
nearly $10 to approximately $14 per acre would have to be made for 
horse labor per crop acre on the small farms, and just half as much 
on the farms over 60 acres in size. The average crop acres per horse 
for all farms was 10.98. The average charge per crop acre for horse 
labor would therefore range between approximately $6.40 and $9. 


THE FARMER’S LABOR. 


An estimate was obtained from each farmer on the value of the 
work done by him for that year. The average of all these estimates 
was $429, which is considerably higher than the average labor in- 
come earned by the small owner, or small owner with additional land 
rented. In other words, the operators in these two groups received 
less for their labor than they would have done had they worked out 
by the year for $429, plus a house to live in, and products of the farm ~ 
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furnished by the employer for use in the kitchen. Their total yearly 
earnings would also have been greater if they had sold their farms, 
put out the money at 5 per cent interest, and hired out in this way. 

The actual wages paid to dependable men by the year were fre- 
quently higher than the estimates of the farmers as to the value of 
their own year’s work. These wages usually range from $420 to $480 
per year. 


INFLUENCE OF OUTSIDE LABOR ON LABOR INCOME. 


In commenting on group one, Table 1, the fact was mentioned that 
outside labor was very important in increasing the labor income of 
the small operators in 1914. Table 12 is presented to show just how 
important this item really is. 


TABLE 12.—Importance of outside labor in increasing income on small farms. 
(Utah Lake Valley.) 


aah Third 

irs group (8 Fourth 
group (15 BEES smallfarms| group (29 
small farms eraliitncmic [owners], | large fruit 
with 20 per with and beet 


centor | lowners] | aaditional| farms 
Item. more of | Showing | “land [owners] 
receipts aaa aite rented, showing 
coming Sain Be showing receipts 
from out- side labor) receipts | from out- —- 
side labor). *) from out- |sidelabor). 
sidelabor). 
SIZOOMMATMI eC Sth) tare fe Sekt ASS ech Sots comets acres... 18.06 16.48 20. 03 77. 20 
ropiaress per farm. oo. occas menor esa doses 14. 25 13. 34 17.00 46.05 
OPI UTS eee SE TTS Fe 2 BRAN ME OV os oh eo: $5, 362 $6, 142 $3, 597 $13, 337 
FRE Cen ES mee a hc Sew NEE URE RE Nemes $1, 176 $1, 311 $1, 026 $2, 460 
WAPOTAMCOMEOLS: 35. Josh. Sete oes lee! AER Sey Se $430 $350 $398 $598 
Receipts from outside labor............-...---.-------- $301 $141 $135 $96 
Percentage of labor income from outside labor.........- 70 39 34 16 


The total receipts here shown do not include receipts from in- 
creased inventory owing to new machinery bought or improvements 
made. The cash outlay for these items is credited as a receipt, and 
it is also debited as an expense. These items thus cancel each 
other. Many men made no improvements and bought no ma- 
chinery in 1914. The farm receipts on all farms appearing in Table 
12, therefore, are made perfectly comparable, both individually and 
by groups, by omitting the items in question from the receipts. 
This omission gives a figure which represents the receipts from the 
operation of the farm merely as a farm business, and not as af- 
fected by real estate operations or machinery increase. The labor in- 
come is In no way affected. : 

The first group in Table 12 comprises those operators whose re- 
ceipts from outside labor amounted to 20 per cent or more of their 
total receipts. There are 15 such operators, 10 small owners, and 5 
small owners with additional land rented. The average farm in this 
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class contained 18.06 acres of land, with 14.25 acres in crops. The 
capital invested was $5,362. The operator received $301 for outside 
labor, or 70 per cent of his labor income ($430). The men in this 
group had farms too small to keep themselves and their families 
busy. Accordingly, they sought outside employment in their spare 
time. Frequently an operator would send a son with the team to 
work on railroad construction. When this was done, the operator’s 
team was credited with only half the wages received in most cases, 
as a well-grown son could command the other half. In each case as 
fair a division as possible was made of these receipts, and care was 
taken not to give undue credit for such items to the operator. One 
man worked at boiler making in the winter, another as a mill hand. 
One runs a thrashing machine, one is a school supervisor, and an- 
other is a landscape painter. Two men earned considerable money 
with their orchard sprayers. The remainder, and some of the above, 
did considerable hauling with their teams. 

Group 2 in Table 12 presents the results for all the small owners. 
(See group 1, Table 1.) These men averaged $141 in receipts from 
outside labor, or more than one-third of their labor income. Group 
3 shows similar results for the eight small farms operated by own- 
ers with additional land rented. (See group 1, Table 2.) 

In the fourth division, Table 12, outside labor, while still im- 
portant, figures much less prominently in the farm receipts, as less 
than a sixth of the labor income is derived from that source. These 
men did not make much more than the normal amount from such 
work. The average labor income for all the farms in groups 2, 8, 
and 4, 62 in number, amounts to $475. ‘Twenty-five per cent of this 
labor income, or $120, comes from outside labor. The larger owners 
with additional land rented (see group 2, Table 2), the live-stock 
farmers (see group 3, Table 1), and the tenant farmers (see Table 
4), had little or no time to engage in outside work. The labor on the 
farm kept these men busy, and their receipts from outside labor are 
practically negligible. 

Table 12 simply shows how inadequate the small farm usually is 
to furnish sufficient labor for the operator and his family. The 
size of business on these small Utah farms is comparable with farms 
very much larger in area in nonirrigated sections, and the intensive 
type of farming followed on irrigated land calls for a labor supply 
commensurate with the size of business, but the operator and his fam- 
ily are often confronted with slack periods of considerable duration 
during the crop-growing season. The farms often are not large 
enough to permit a widespread adoption of enterprises which would 
call for labor in the idle periods. The small farmers in the Provo 
area took advantage of .these periods of farm inactivity to earn 
large additions to their farm receipts in 1914. An interurban trolley - 
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Fia. 1.—LIFTING AND “TOPPING” SUGAR BEETS. 


In this area the best crop is grown almost entirely on the rich bottom land near the lake, while 
the ‘‘bench” land at the foot of the mountains is devoted largely to fruit. 


Fila. 2.—HAULING SUGAR BEETS TO THE SLICER. 


Most operators use a two-horse or three-horse team on the beet rack. 
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Fia. 1.—A BROAD, SHALLOW, WEED-COVERED IRRIGATION DITCH—THE USUAL CONDITION. 


It is exceedingly difficult to keep the land clean when every irrigation after midsummer deposits 
fresh weed seed. 


Fic. 2.—A STRAWBERRY FIELD ON PROVO BENCH. 


Bare spots in the rows indicate the presence of insect pests. 
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line which was built into Provo created a much greater demand for 
man and team labor than ordinarily exists in this section. The farm- 
ers in question took full advantage of this unusual condition. The 
receipts from outside labor thus averaged much higher than they 
would in a normal year; and these receipts, as already noted, in- 
creased the labor incomes by more than 50 per cent in the case of the 
small owners and small owners with additional land rented. This 
increase is certainly a compliment to the energy of these operators. 
Tté must be borne in mind, however, in dealing with the labor incomes 
of these men that the pee for 1914 are above normal and that the 
conditions which made this possible are not apt to recur. The aver- 
age labor incomes as shown in the 1913 survey! ($247 for the small 
owners and $231 for the small owners with additional rented) prob- 
ably are nearer the returns ordinarily secured on such farms. 


RESULTS BY TYPE OF FARMING AS WELL AS BY SIZE. 


In the preceding discussion the various details and the returns for 
work done have been presented by size of farm. In Table 18 are 
presented the vital.details by size and by type of farming followed. 
This table is a digest of those which have preceded, with some addi- 
tional data, and assembles the facts for all the farms for more con- 
venient study. 

In Table 13 the total acreage of crops grown does not quite check 
up with the crop acreage in line three, because the intervals in the 
young orchards are often planted in various crops, and hay is some- 
times grown in the bearing orchards. All the farms are tabulated 
which can be used in the six classifications of (1) small fruit, (2) 
small general, (3) large fruit, (4) large general, (5) dairy, a (6) 
poultry farms. 

In arriving at the mack of labor used the value of extra labor 
hired is all reduced to a man-time basis at $2 per day, the regular 
day wage. Such labor items include peach pickers (men), peach 
packers and berry pickers (girls), and the other miscellaneous labor 
used. Thus 10 peach packers averaging $1.20 per day each are 
equivalent to 6 men. Four boys earning 75 cents each per day at 
beet thinning are equivalent to 1.5 men. When members of the farm 
family work on other than a piece-work basis the value of their 
labor (above their board) is reduced to man time at the prevailing 
rate of wages forehands hired by the month. : The amount of labor 
done by members of the family is practically the same in the first, 
second, and last groups, and in the three intermediate groups of 
the table. Although it is important at certain seasons, the actual 
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amount of labor exchanged between neighbors is small, and it is 
mutually corrective between groups. 

A minor, but a striking, factor bearing upon the labor used on all 
farms is the prevalence of abundant weed growths along the ditch 
banks. The fields are thus kept constantly seeded with weeds and 
are with difficulty kept clean. (See fig. 1, Pl. IV.) 


TABLE 13.—Labor used on different types of farm and the returns for labor. 


Small Small Large Large Live-stock farms. 


fruit general fruit general 


farms. farms. farms. farms. Dairy. | Poultry. 
SS 
Wumber of for eb pi uae Se 2 Ce as Sen 16 18 17 24 18 4 
Average per farm; 

y Aone DERE en cored meee se AS 17.47 17.18 51.2 62.08; 119.50 8.87 
Gropacreasespen es sateaceeee oe sen 14. 29 14. 12 41.08 45. 65 57.46 8.00 
Gait alse ee ear ees sea astarminie csi $6, 248 $6,400 | $13,915 | $13,125] $18,562 $6, 046 
Grop sales eee eee eens See $804 $700 $1, 630 $2,311 $1, 088 $278 
STOCK SSIES 7 sere te ceny ep ase ss ein $62 $30 $206 $103 $235 $160 
Stock product sales. .........-.-------- $47 | * $50 $108 $146 | 1$1,745 $859 
Miscellaneous receipts. -.-.-- Stéaae ones $155 $140 $159 $105 $50) een 5 
WA DOPATICOMO seer e meee ne aac tas $302 $383 $611 $646 $1, 427 33483 
Months of man labor used...---------- 17. 24 14. 46 24.57 20. 29 30.75 15.15 
FATIMA UINTES secre eee een ma eeal 4.33 4.31 9. 25 8. 81 231.60 10. 60 
Grain acres . 1.80 3.33 4.78 15. 25 12.11 2 

aa ee aS ae bushels 2 140 196 467. aL a 110 
acres 3}. PPTL 17.7 11. 1 
Hay and fodder............... tons. . 9. 66 8.50] 52.40| 37.42 102 5.25 
Beets ae 38 5.42 . 76 11.96 10. 37 2.10 
gas Ss ee aS EOE tons... 6.00 86. 20 10. 60 182. 92 194. 25 41.30 
Fruit acres .... 6.51 1.7 14.55 3.80 
Se seat tGh Te sia bushels 1, 542 180 2, 865 512.38 231.5 184.5 
Nonbearing fruit. 2.2.2.8... -. acres. . 1.94 silel 5.00 1.85 39 
Other crops) -- te------------=- dome 1.56 1.58 177 2.98 3 -6 
Crop areain intensive crops. -per cent... 72.7 62.8 53.8 45.1 27.5 51.2 
Crop area per man............_. acres. - 10.0 11.7 20.1 27.0 22.3 6.34 
Months oflabor per crop acre....._...- 1. 206 1.024 . 598 -444 .537 1.894 
Labor income per month oflabor...... $17.52 $26. 48 $24 $31. 83 $46. 41 $32. 54 
Number of work horses per farm...... 1.9 1.97 3.7 3.4 5.2 1.5 
Crop area per work horse. ...... acres... 7.52 7.17 11.10 13. 43 11.01 5.33 


1 Receipts from dairy products. 
217 milch cows. 
3 Omitting labor income of 1 exceptional farm, figure given is average for 3 units. 


SMALL FRUIT AND GENERAL FARMS. 


The crop area in the first two divisions of Table 13 is practically 
equal and the operators have the same number of live-stock units to 
look after. The small general farmer grows twice as much grain 
as the fruit grower, and has more than a third of the crop area in 
sugar beets, which are conspicuously absent on the small fruit farms. 
The orchardists have nearly a half of the crop area in fruit and 
more than an eighth in fruit not yet bearing. The men in group 
two have but little fruit. A few grow more than is needed for the 
family, while half of them grow none whatever. The general op- 
erator replaces fruit’ with sugar beets. The men on the smaller 
fruit farms use 17.2 man-months to care for their enterprises, or a 
fifth more than those on the small general farms. The difference in 
jabor used represents almost entirely labor hired by the day or by 
the piece, and it alone is sufficient to account for the difference in 
labor income of the two groups. The orchardists have 10 crop 
acres per man and the general farmers 11.7. The number of work 
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horses and crop acres per. work horse is substantially the same in 
both divisions. The men in the first group receive a labor income of 
$17.52 for each month of man labor used, while those in the second 
receive $26.48, or a half more. The latter uses less labor on the 
same size of farm, and‘ to considerably greater monetary advantage. 


LARGE FRUIT AND GENERAL FARMS. 


‘The orchardists in group three, Table 13, use nearly a fifth more 
man labor than the general farmers in the fourth division. The lat- 
ter have somewhat more land in crops, but this is offset by the larger 
percentage of intensively tilled land in the third classification. The 
orchardists have slightly more animal units, less than a third of the 
grain area, and 50 per cent more hay and fodder area than the gen- 
eral farmers. They grow considerable hay in the orchards, which 
thus often bear two crops, one of which is distinctiy stable in charac- 
ter and is a valuable addition to the farm enterprises. Their beet 
acreage is almost nonexistent, while the men of group four devote 
more than a fourth of their crop acres to sugar beets. The fruit 
growers have more than a third of the tilled land in fruit and an 
eighth in fruit not yet bearing, while the general operators have 
about a twelfth of their cropped area in fruit and less than a twen- 
tieth in fruit not bearing. They have nearly twice as much land in 
miscellaneous crops as the men in group three. The fruit growers 
receive a labor income of $24 per month of man labor used, or a third 
less than the general farmers secure ($31.83) with the same size of 
farm and of business. The difference in the returns for labor is less 
on the two large types of farms because the large orchardists place 
more dependence on general crops than do the small fruit growers. 
The large, like the small general operators, use less labor than the 
fruit growers, but to greater advantage. 

The men operating the large general farms, as well as those on 
the large fruit farms, pay some attention to live-stock enterprises, 
cows predominating. Receipts under this head form an appreciable 
though not a large item. : 

Only a few of these operators have enough pasture land to keep 
more than a few cows. The cows, which are usually bred to freshen 
in the spring, gather virtually all their feed until late in the fall, 
and owing to the character of the pasture (as well as the quality 
of the herds generally seen) the milk flow is not heavy and the lacta- 
tion period is somewhat restricted. 

Some orchardists keep one or more brood sows and feed the drop 
and cull fruit to the swine to good advantage. 


SMALL POULTRY FARMS. 


Four of the live-stock farms in group 3, Table 1, are poultry 
farms on very small areas. They are presented in column 6, Table 
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13. They averaged 8.9 acres in size, with 8 tillable acres, all in 
erops. Three of them averaged $483 in labor income. That of 
the fourth is not averaged, as he had a very profitable business, 
exceptionally well handled, and would raise the labor income for 
the four to a very misleading figure. Few then could hope to ap- 
proximate his come, and many who have gone into the business 
carelessly as a result of his success have failed miserably. The 
significant fact in this group, however, is that with a quality of 
poultry business which many farmers could reasonably expect to 
attain, these three operators made a labor income almost two-thirds 
larger than did the small fruit growers, and more than one-fourth 
larger than did the small general operators. It is also significant 
that the men in all three small groups had the same size of business 
and that there was not much difference in the amount of labor used 
per farm. The poultry men netted nearly twice as much per month 
of labor used as did the small orchardists ($32.54, as compared with 
$17.52), and nearly a fourth more than the small general farmers 
($32.54, as compared with $26.48). 


DAIRY FARMS IN COMPARISON WITH LARGE FRUIT AND GENERAL UNITS. 


The dairy farmers in Table 13 have considerably greater acreages 
in crops than the large orchardists and general farmers, while their 


total areas average twice as great as the average of the other two _ 


groups, the difference being due principally to the land used as pas-. 
ture. The dairy farms have 3.5 times the number of animal units 
as the above two groups average (31.6, compared with 9), and 17 of 
these animal units are milch cows. The dairymen grow 12 acres of 
grain, 30 of hay, and 104 of beets. Their orchard enterprises are 
largely for farm consumption, and the crop sales include little but 
beets, a little hay, milk or dairy products, calves, and considerable 
pork from farms producing butter. They use one-half more labor 
than the large general operators, and one-fourth more than the large 
orchardists. They grow one-tenth more crop acres per man than the 
fruit growers and one-fifth less than the general farmers. In addi- 
tion, however, the regular labor used cares for about 15 animal units 
per man, and with the aid of the manure dropped secures a third 
ilarger yield per acre Of grain, a ninth larger yield of hay, and a fifth 
larger yield of beets per acre than is secured by the operators in the 
other two groups of large farms. The men in column 5, Table 13, 
therefore, get more work done per unit of labor and the work is 
more efficiently done than is the case with these other two farm types. 
Their labor income per month of labor used is nearly twice that of 
the large orchardists ($46.41, compared with $24) and nearly 50 per 
cent greater than that secured by the general operators ($46.41; com- 
pared with $31.83). 


Pn a. a ae 
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The typical dairy farmer virtually adds 45 acres of pasture to the © 
large general farm, curtails the grain area by a fifth, triples the hay 
area, slightly curtails the beet area, puts on nearly four times as 
many animal units, and runs the farm with 10 months’ additional 
man labor. The only period when there is much spare time from field 
work and labor on live stock is during July and August. That 
period is generally used in laying tile drain. The weakest point in 
the system is the frequent presence in the dairy herd of cows which 
do not pay their way. Many farmers are remedying this as rapidly 
as possible. 

DAIRY FARMS COMPARED WITH SMALL FRUIT AND GENERAL UNITS. 


The dairymen grow twice as many acres of crops per man as do . 


_ the small orchardists and their labor income per month of labor 


used is 165 per cent larger ($46.41, compared with $17.52). In 


‘comparison with the small general farmers they grow twice as many 


acres of crops per man and their labor income per month of labor 
used is 77 per cent larger ($46.41, compared with $26.48). The 
yield per acre of grain and hay secured by the dairymen is nearly 
a tenth larger than the average of the first two groups in Table 13, 
while the yield per acre of beets is a fifth larger than that secured 
by the small operators. In other words, these representatives of 
the “ little farm well tilled” are not tilled as well as the dairy farms. 
It should be noted in this connection, however, that the poultry men 
in group six secure a slightly larger yield per acre of grain and 
beets, and a fourth larger yield of hay than is harvested by the 
dairymen. This, of course, is chiefly due to the large amount of 
highly concentrated manure which is available to the poultry man. 


EFFECTS OF SIZE OF FARM AND TYPE OF FARMING. 


The large orchardist secures a net return per month of labor which 
is $6.50 greater than is received by the small fruit grower, while the 
large general farmer secures a net return which is only $5.50 larger 
than that of the small operator on the same type of farm. The rea- 
son for the slightly smaller margin of advantage for the large gen- 
eral farmer is probably that both large and small operators of this 
type grow crops which suit the local marketing conditions, and the 
man on the small unit specializes to a greater extent on the most 
profitable crop, while the larger orchardists supplement their bulky, 
perishable special crops with considerable areas of general crops 
which have a ready market at home, a practice which the small 
orchardist can not follow. With larger farms, which utilize the 
family labor more fully, particularly in caring for standard field 


- cash crops, the large orchardist would logically be expected to do 


relatively better than the small, as compared with the large and small 
general farmers, because the limited area of general crops grown by 
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the small orchardist barely fills the family flour barrel and the feed 
bin for the few head of live stock kept. 


TaBLE 14,—Labor requirement of crops. 
[Days per acre.]} 
MAN-LABOR. 


Winter, Mar.1to | Maylito | Julyito | Sept.1to | Nov.1to 


May 1,60 | Ju:y 1,61 | Sept. 1, 62 | Nov. 1,61 | Dec. 1, 30 
Crop. ue days, 26 days,35 | days,42 | days,50 | days,42 | days, 20 Total. 
* | avaiable. | avanable. | available. | available. | available. 
Strawberries... .-.- 1.50 0.17 136.04 ZIGUN Esse ateincsalbae ees e ides 140.38 
Raspberries..-.-.- 1.50 8.17 7.33 2AAI00 peees a se ess| (Selon Sonanene 261.00 
Peaches. Soss2s |e Sees nen 6.24 1.75 B18) 3 22.00 0. 50 3 33.62 
Prunes terse ease = 5 | Seow eeee 5.88 3.20 88 5 22.00 50 6 32. 46 
Pears seue sete asa|# yeaah ace 5.67 2:25 64.38 CIQUOON|Uaeeneae aces 6 21.80 
IAM DOS a cme cecmics anise mace 4.92 1.75 3.28 TA OOM | Soe metssisee 7 23.95 
(Altalaekecs23 chee | hs ces sceee 2 17 -83 1.03 Gait ee esoaseee 8 2.86 
Canning peas- o 2. \sn02.-.- seni 1.54 4.50 CBG eas ==contr kee Spee anee 99.54 
Smalleraiwess.225| Seen see 82 -35 WSS ieee osense . 67 13.22 
Snap beans....-..- 2.00 1.00 1.94 1826625. lett Bae terial eae eee as 12 31.19 
Tomatces....---. 1.50 2.10 5.07 13 15. 67 13 12.00 1.00 . 1337.34 
peotatoesian 22-255. 1.50 2.90 2.09 1.15 144.00 1.00 1412.64 
Qnionss3. 523.222. ~ 1.50 3.17 5. 84 2.67 45 21. 20 3. 66 15 38. 04 
Sugar beets. .....-. 2.00 397 3.97 1.75 17 6.25 1.00 17 15.94 
HORSE LABOR. 
: Mar.ito | Mayito | Julyito | Sept.1to | Nov.ito : 
Crop. Winter. May 1. July 1. Sept. 1. Noy. 1. Dee: 1. Total. 

Strawberries... -..-. 3200) | Eeeeeeeeseee 5.67 OF50) |eS eee BASE ALR ise 9.17 
Raspberries..-...- 2 Oo 00H Emeseciasaees 1.67 (50) Ol eae Seite SSE me aceos 10. 67 
Reachess se: sase bas sash eae 2.81 AG (El est 1.50 45.00 1.00 411.98 
IPTUNCSS acs eso oe | ae cae 3.14 Bi28b | vescie scenes 6.00 1.00 13. 42 
(Bears. SUS eee erg eee 1.67 1.33 1.00 300i) aeaae Seer 7.00 
aoe Hees acdseeslSsciennoOasee 2.50 1.00 -80 S003 ee eels 12.30 

foliage Peete E Ss sleee ante seeie| decbiacicn ames -95 -95 AU Fa eee 2.85 
@annintewmeas sare. |seeemeeeaes 2.63 4.00 yA UN err ees ss octal an eee oe 1010. 63 
Snialllierains os ss5| Sess aeee TA8O A eee eas doe e bebe wees 1.33 3.36 
Snap beans...-...-. 4.00 1.67 1.53 3008) a 52. sees see speneeoaec 10. 20 
Tomatoes.......- 3.00 27 2.28 4.75 4.00 2.00 17.30 
Potatoes.....-..-- 3.00 2.47 1.08 25 4.00 2.00 12. 80 
QOnionse226 - acct 3.00 1.33 SONS loeke ks! 3.20 167.34 15.37 
Sugar beets.....-- 4.00 1.60 1.53 -00 18 6.15 2.00 15.78 


The figures in the above table include extra labor, mainly at harvest times, which in all cases, even when 
done by children, is reduced to the equivalent of mentime. This extra labor is as follows: 
1 Extra days man labor, 22.68 in third column; 0.2in other columns. 
2 Extra days man labor, 34.50in column 4; 0.50 in other columns. 
3 Extra days man labor, 20in column 5; 1.34 in other columns. 
4 Extra days horse labor, 3 (hauling). 
5 Extra days man labor, 17 in column 5; 2.28 in other columns. 
6 Extra days man labor, 8in columns 4 and 5; 2in other columns. 
7 Extra days man labor, 8in column 5; 1.50 in other columns. 
8 Extra days man labor, 0.75, evenly distributed at each cutting. 
® Total extra days man labor, 0.77. - 
10 Total extra days horse labor, 0.2 (planting). 
il Total extra days man labor, 0.80 (at harvesting and thrashing). 
12 Extra days man labor, 22.50 (picking by boys and girls). 
13 Extra days man labor, 18 in columns 4 and 5 (picking, mainly women and children); in other columns, 
1.25. ’ 
14 Extra days man labor, 2 (digging) in column 5; 0.9in other columns. 
ls Extra days man labor, 13.60 in column 5 (harvest, mainly children); 5.33 in other columns, of which 
4 are used in weeding before cept 1 (done by boys). 
16 Hxtra days horse labor, 2.67 (hauling). 
l7 Extra days man labor, 5 in column 5 (harvesting), 1.97 in other columns includes thinning about 
June 1 (done by boys). 
18 Extra days horse labor, 3.75 (hauling beets). 


The type of farming followed, as well as the size of business, is 
an important determining factor in the net return to the large or- 
chardist, while in the case of the general farmers size of business is 
the chief factor in their net returns. The size of business is an im- 
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portant factor in the large net return on the dairy farms, but the 
type of farming appears of equal importance. Most of the labor 
used on these farms works longer hours than on the other types, and 
the labor is performed on enterprises all of which give good returns. 

In connection with the study of Table 13 it doubtless will prove 
of interest to scrutinize Table 14 fairly closely. This table presents 
a highly condensed digest of the detailed labor requirements of the 
important crops grown on these farms. By consulting the footnotes 
a good idea can be secured of the demands on the time of the op- 
erator in producing the different crops. 


: POSSIBLE MODIFICATIONS FOR GREATER PROFIT. 
ON SMALL FARMS. 


It is evident from a comparison of Tables 13 and 14 that the small 
fruit and general farmers are not fully occupied during the crop- 
growing season, and the reasons for this also are plainly in evidence. 
The small orchardist grows but 144 acres of crops, of which nearly 
3 acres are in apples, as much in peaches, a half acre in small fruits— 
64 acres total fruit. The large orchardist, with 50 per cent more 
labor, cares for three times as many acres of crops, of which more 
than twice as many acres are in fruit. The small general farmer 
grows less than one-third as many acres of crops as the large general 
operator attends to with a little over one-third more labor. The 
question of the seasonal distribution of labor on these small farms is 
of minor importance, however, as labor, particularly harvest labor, 
is quite plentiful in this district, and at the same time these small 
operators have not enough land to keep them busy except under 
systems of management much more intensive than would be wise in 
a region so far removed from the great markets. This is the great 
: weakness with these two groups of farms, the lack of land to oper- 
: ate. It is not always easy to overcome. Only a sixth of the land 
included in this farm-management survey is rented land, though a 
fourth of the farmers interviewed rent part or all of the land they 
operate. With the land area as limited as is at present the case, the 
problem is to make the most of what is at hand and to grow as 
much as possible of the most profitable crops which are adapted to 
the region and its market facilities. 

The typical small general operator in the Provo area, therefore, 
has to concentrate as far as possible on crops which give a high 
return per acre and on crops which can be marketed locally. As the 
market for canning crops (tomatoes, peas, and snap beans) is some- 
what limited in this area, the sugar beet is left as the mainstay for 
most of these farmers. Many of them specialize on beets, producing 
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17The only important exception to this labor abundance is in seasons when peaches 
ripen with unusual rapidity. Some orchardists then have some difficulty in securing 
enough peach pickers. 
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little else for sale. When they can secure sufficient manure, many 
of the larger operators do the same. Some operators even omit 
alfalfa from their rotations and grow virtually nothing but beets and 
grain. The grain furnishes food for man and beast, sometimes 
brings in a small addition to the cash income, and enables the oper- 
ator to trade the straw with town dwellers for equal volumes of 
manure from the town corrals. Manure needed for beets in addi- 
tion to the farm supply and that secured as above is bought for about 
25 cents per ton, loaded and hauled by the buyer. ‘The manure keeps 
up the beet yield, and the operators apply enough to secure 16 or 
more tons per acre in most years. These men can concentrate on 
beets in this way because of the ample labor supply. Few farmers 
have difficulty in securing extra labor when needed for blocking and 
thinning and for harvesting the beet crop. The operator can grow 
nearly as large an area of beets as his supply of regular labor can 
perform the regular operations for, such as hoeing, cultivating, etc., 
or as he has land and manure for. ‘These men are doing the logical 
thing in an area where there is plenty of labor, the market is sure, 
and the land area is limited. They buythehay needed. Theirsystem 
is sound as long as they do not crop with beets continuously, until 
trouble with beet diseases cuts down the yield per acre. The limiting 
factor in their system is the supply of manure. 

More men -would follow such a system as above if they could get 
the manure. It would seem probable that many more of them could - 
follow such a system with the present supply of manure. In the 
absence of a good market for canning peas and snap beans, which 
would permit a greater relative concentration on beets because of the 
fertility they leave in the soil, reliance could be p!aced on edible dry 
beans. This crop leaves a large amount of immediately available 
fertility behind it. It also furnishes a considerable amount of rough- 
age which is highly valued for live stock in bean-growing sections, 
particularly when fed with some good hay. The small farmer’s bill 
for hay would be markedly decreased or possibly almost wiped out 
by growing a few acres of beans, and the same amount of manure 
would suffice for a much larger area of beets. At the same time, the 
small amount of extra labor needed for beans comes largely at a 
time when such labor is in relatively small demand. This fact, of 
course, is of more importance to the larger operators, and will appeal 
quite strongly to orchardists who have to pay a heavy bill for extra 
labor every year, extra labor used on crops which in many cases give 
but small net returns. The home market for beans would be quickly 
supplied, but the crop is easily stored or shipped, and is of sufficient 
value for its bulk to warrant a long shipment to market centers. 

When a man is able to rent additional land, or owns a farm which 
approximates the upper limit of those in groups 1 and 2, Table 
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13 (27 acres), his problem is simpler, as with 22 to 24 crop acres he 
can retain alfalfa in his rotation and still concentrate on beets. The 
manure supply in this section is not specially large and many men 
do not care for the labor of hauling it in the winter, preferring to 
grow the forage crop. The alfalfa should be plowed up at intervals 
of not longer than four years to give fresh land for beets and thus 
minimize the danger of beet diseases. Whether the alfalfa is grown 
or not, it would pay to disk the stubble land as soon as the grain is 
stacked and sow a suitable green-manure crop, to be turned under 
jate in the fall or in the following spring. 

The small orchardist has a more difficult proposition than the gen- 
eral farmer. He is usually located on the benches, where the sugar 
beet does not take as kindly to the soil as on the richer bottem land. 
Many orchardists are turning to other enterprises, but this is not 
readily done when a large proportion of the land is in bearing fruit. 
The men who are striving to change are primarily the peach growers, 
as pears are distinctly a profitable crop with a fair yield and good 
care, prunes are next to pears for profitability, and apples usually 
are well ahead of peaches. Some men in a position to do so would do 
well to put in a small area of strawberries and raspberries, as these 
crops are largely supplementary to tree fruits, and give a good re- 
turn per acre with a moderate yield (250 or more crates per acre). 
(See Pl. IV, fig. 2.) There would be something of a labor conges- 
tion before May 1 unless part of the orchard were summer or fall 
pruned, but on these small farms this labor conflict would not be 
serious. Any man setting out small fruits should take every precau- 
tion to secure healthy plants. It should be borne in mind, however, 
that the logical market for small fruits in Utah is in the intermoun- 
tain country itself, and that overproduction would follow a marked 
extension of the area in these crops. 

The peach grower would do well to cut out alternate rows of trees 
rather than chop them down indiscriminately, and set out prunes or 
pears in their place rather than small fruit. Should he desire to 
eliminate that part of the fruit area, and the farm were well situated 
for the hauling, he could profitably crop the intervals with sugar 
beets. With plenty of manure the yield is good, and half or more 
of the former orchard area could be in that crop. The beet harvest 
- does not begin until the peach crop is gathered, and there is no labor 
conflict. With other tree fruits there is a conflict, but on these small 
farms this is usually a matter of small importance. Tomatoes also 
could be grown under the above conditions in spite of a labor conflict 
during the two weeks of peach harvest. With the labor of women 
and children as plentiful as is the case here, the only difficulty les 
in the hauling, but judging from the experience of men who grow 
limited areas of both these crops on small units, this would not prove 
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a serious obstacle. Should a good market for canning peas and snap 
beans develop, these would be excellent enterprises for the orchardist, 
as the returns are high with fair crops ($40 to $45 per ton), and the 
labor is almost entirely noncompetitive with that for tree fruits. 

When the farm is not favorably situated for hauling beets it would 
’ pay the small orchardist to rent land (preferably bottom land) which 
is so situated, in order to supplement the balance of the farm. He 
would be handicapped by the distance of the rented land from the 
farmstead, but a few acres of beets or other crops suggested would be 
a profitable addition to the farm enterprises. Although the farming 
of land in widely scattered fields is not conducive to the best farm man- 
agement and should be discontinued when practicable, under some 
conditions (and within reasonable limits) such a system is preferable 
to the operation of a unit too small for profitable management. 

A valuable addition to the enterprises of the small farmer, whether 
orchardist or general operator, should be the growing of edible dry 
beans. The labor on this crop is practically the same as for snap 
beans, except in the harvesting of the dry crop, which usually occurs 
the last of August or early in September. The labor need not inter- 
fere seriously with any other crops but small fruits. The peach 
grower could make excellent use of this enterprise by irrigating later 
than usual and keeping the plants green enough to permit harvesting 
after the peaches are gathered. The benches around Provo have 
good air drainage and there would be but slight danger from early” 
frost. No labor conflict would occur with other tree fruits. When 
well cared for 25 to 30 bushels of beans per acre is a fair yield and 
$2.50 to $3 per bushel can generally be counted on for the crop. 
Overproduction can easily occur with beans, but the product can be 
stored indefinitely and is easily and safely shipped. So far as prac- 
ticable the small orchardist should supplement his orchard activities 
with stable enterprises yielding a high return per acre. In most in- 
stances he already is overburdened with crops giving uncertain re- 
turns. 

ON LARGE FARMS. 

The large fruit and general farms present an entirely different 
‘problem from that of the small farms. Usually there is enough 
land to keep the operators fairly busy. The large fruit growers, 
with a little over a third more labor, care for more than twice as 
much fruit, bearing and nonbearing, and four times as much land in 
general crops as is the case with the small orchardists. Their field 
crops virtually serve as “ fillers” for the periods when labor on the 
orchards is slack, but their labor income could be raised without 
much expense for other than harvest labor by the addition of limited 
areas of crops already mentioned. When the fruit harvest occupies 
most of the fall period, enterprises. which require much time then 
would not do, and this eliminates tomatoes. Beets could be grown 
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if there were much slack after the latter part of September, as their 


harvest is intermittent. Some of the orchardists find them a very 
profitable addition to the cropping system when the farm is favorably 
situated for the hauling. With a good market for peas and snap 
beans they would make an excellent addition. Under the present 
market conditions dry edible beans would<do nicely. Beans already 
are grown in very small areas by a few orchardists. 

The large general farms use a little over a third more labor than 
do the small units of this type and grow more than three times as 
many acres of crops. The intertilled area is 2.5 times as large. Many 
men in this group, like some in the small-farm group, concentrate 
largely on beets, and have two-fifths to one-half of the cropped area 
devoted tothem. Their labor incomes average two-thirds larger than 
the average for the group as a whole. Most of the large general 
farmers could increase their labor incomes without much extra ex- 
pense for labor by the addition of enterprises which supplement those 
already present. There is danger in the combination of beets and 
tomatoes when these crops occupy a large area because after the first 
time over the tomatoes are picked continuously and must be hauled 
every day. If the available teams can not do this during the beet 
harvest and an extra team can not be hired, that part of the tomato 
crop which is neglected becomes a total loss. Canning peas and snap 
beans would make a valuable addition. In the absence of a demand 
for them dry edible beans are a good filler, as little or no extra labor 
would be needed and the harvest is finished before that of beets or 
the last haying begins, and the grain is all stacked before the labor 
on bean harvest starts. 

Some of these general farms have orchard enterprises of a moder- 
ate size, usually apples. Owing to the character of the beet harvest, 
the labor conflict which seemingly results is not of much moment 
unless the area in one or the other of these crops is unduly large, as 
the harvesting of each crop is an intermittent activity. 


LABOR IN DAIRYING. 


As has already been shown, the dominant type of live-stock farm- 
ing in the Provo area, and the most profitable type of farming, is 
dairying. Compared with the other types, the labor used on the dairy 
farms is much more evenly distributed throughout the year, and 
this is particularly true of the units which engage in winter dairy- 
ing. Instead of being practically idle a large part of the time from 
December until March, the winter dairyman is profitably occupied 
during that time, while the hauling of beet pulp for succulent feed, 
and the spreading of manure, also keeps the horses fairly busy. The 
labor on live stock is heavy until the latter part of April, when the 
feeding of beet pulp ceases and the stock starts gathering the bulk 
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of the feed on pasture. The time required by the chores decreases 
perceptibly after the 1st of April, and rapidly after the Ist of 
May. The third cutting of alfalfa and 40 to 50 per cent of the 
beet harvest is finished before the labor on live stock becomes espe- 
cially heavy in the fall, about the middle of October. Thereafter 
virtually the only field work on the typical winter-dairy unit is 
the remainder of the beet harvest and the daily cutting of green 
corn fodder from an acre or two of corn grown for succulent feed 
to be fed before fresh beet pulp is available (about November 1). 
With beet pulp available at 50 cents per ton there is no economy in 
feeding ensilage. 

In one locality near Provo winter dairying is followed almost 
exclusively.. The average size of a number of these farms is 155 
acres, with 59 acres in crops. A large portion of the cropped area 
is in alfalfa (28 acres), beets (19.5 acres), and small grain (7.5 
acres). These farms have an average of 40 animal units, of which 
24 are milch cows and 6 are work horses. The other 10 represent 
young dairy and work stock, a few pigs, and a few chickens. The op- 
erator usually keeps a man by the year, and another from March until 
December unless he has one or more partly grown boys who can 
help with the field work in the summer. The boys also help with 
the labor on live stock throughout the year. The farmers in ques- 
tion have to hire considerable extra labor during beet harvest, and in 
May when that crop is blocked and thinned. Some exchanging of 
labor is also done, though very little. From 7 to 9 cows are milked 
per day per regular man during the crop-growing season. During 
March the regular men devote about 5 hours per day to field work. 
From about April 1 to early May 6 hours a day are spent in the 
field. From early May until the middle of October the farmers 
calculate on averaging 7 hours of field work a day per man. Extra 
labor hired puts in the regular field day of 8 to 8.5 hours. From 
the middle of October until the first of December the regular men 
do not average over 6 hours a day in the field. Thereafter the 
field work ceases and the second man, if more than one be hired, is 
laid off until March. From about November 1 to April 1 the total 
chores and labor on live stock, including hauling the milk not over 
1.25 miles, require from 6.5 to 7 hours of man labor per day for each 
10 cows in the dairy herd. From the middle of May until the 
middle of October this work consumes 4.5 to 5 hours per day. The 
number of cows in the different herds varies from 20 to 28, and the 
number of animal units from 32 to 50. During the winter the 
voung stock is nearly always fed in the barnyard, and in the sum- 
mer they require but little attention, as they are on pasture all the 
time. The operators start work at 5 to 5.30 in the morning the year 
round, and finish the evening chores at about 7 o’clock. Each regular 
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man looks after 12 to 16 animal units and on the average gets in at 
least three-quarters of a day in the field from April 1 to November. 


POSSIBILITIES OF AN EXTENSION OF LIVE-STOCK ENTERPRISES. 
DAIRYING. 


Although the Intermountain region is, as a whole, somewhat 
sparsely settled, quite a field remains for an extension of live-stock 
enterprises. The demand for-market milk is just about supplied at 
the present time, and the only period when there is an appreciable 
scarcity is in September. On the other hand, the local demand for 
creamery and cheese products is far from supplied. A rapid growth 
is now taking place in the creamery and cheese factory industry 
of the State and the output of the Utah factories is of very good 
quality. After the home product approximately meets the demand 
it seems only reasonable to look for further extension in the business, 
as cool or cold nights, abundant cold mountain water, and soil 
naturally adopted to alfalfa give the farmers in this region an ap- 
preciable advantage over dairymen in some other sections. It 
should be borne in mind, however, that the high freight rates which 
the Utah producers will have to pay to reach the large markets will 
necessitate the maintenance of a very efficient selling organization 
and a uniformly high standard of product to enable him to compete 
successfully with dairymen in regions more centrally located. 

With the existing market for dairy products, men with moderate 
area of pasture nd would be able to increase their labor incomes 
quite easily by the adoption of dairying if based on good cows. 
Although unusually efficient men with exceptionally good cows might 
be able profitably to adopt this enterprise entirely on the high-priced 
irrigated lands of this area by the use of artificially seeded pastures 
intensively stocked, the very moderate price received for the raw 
product (about $1.45 or less per hundred pounds for milk and 30 
cents or a little better for butter fat) suggests that such a system of 
management might be unwise for most operators. When the high- 
priced irrigated land is farmed in connection with the cheaper pasture 
areas, however, a happy combination is found for the dairyman. 
For this reason the successful dairy farms in Provo district are 
located along the lake, where large areas of relatively cheap pasture 
land are found. These farms are fairly large, averaging 119 acres 
in size, of which a half are in crops. 

Some men are doing fairly well on small farms, but none of these 
who make dairying a prominent enterprise operate less than 30 acres 
of land. This is nearly twice the average area in the first two groups 
of Table 13, the small fruit and general farms. In parts of the State 
where considerable surpluses of grain and hay are produced there 
may be quite a field for the development of the smaller, more in- 
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tensively stocked dairy units in the hands of very capable men, but 
owing to their lack of land, particularly of pasture, it does not seem 
practicable for most men on the smaller farms in the Provo area to ~ 
engage in dairying. 

It has been suggested that some men on the smaller farms might 
find it profitable to stock intensively with good cows and to dispense 
with pasture altogether, operating on the soiling system as is done 
in parts of Europe. To be profitable, such a system calls for high- 
producing cows, high-quality land, a high-priced product, and cheap 
labor. The last two requisites are not present in Utah. This plan 
might answer for a time with properly equipped men who have 
large families and little work for the children to do, but the supply 
of family labor is not permanent, and with present prices for the 
product the adoption of the soiling system of feeding, and intensive 
stocking in connection therewith, would appear to be an unwise 
procedure. 

A profitable addition to the farm enterprises for men who sell 
butter fat, and for many who do not engage in dairying, would 
be the production of pork. The market for pork in Utah is con- 
sidered nearly as good as within 200 miles of Kansas City or Omaha. - 
When beet tops are available they make an excellent feed for swine, 
and not much else need be given from beet harvest until Christmas, 
or even until the latter part of January. The cheapest feed in- 
summer and early autumn is alfalfa pasture. Some men are making 
pork on this system to excellent advantage. , 


POULTRY. 


- The most feasible live-stock enterprise for the small farms 
would appear to be poultry. The market for eggs is not yet fully 
supplied. Specialized poultry farms are sometimes quite profitable 
in favorable localities when the operator secures good egg produc- 
tion and high prices, but otherwise they rarely are profitable as a 
specialty. To have high egg production at the time of high prices 
requires good management, considerable experience, and a close 
attention to minor details of feed and care which does not appeal 
to many men. Therefore any expansion made in the poultry busi- 
ness should in most cases occur on farms of a more general character 
where the fowls are made distinctly a side line, where the necessary 
care is a minor item, and a large part of their keep is obtained from 
what otherwise would largely be wasted. 


RANGE CATTLE. 


When it is feasible, an enterprise which would appear to make a 
good addition to the farm business as a whole is a limited adoption 
of the range-cattle industry. Some men in the Provo area run cattle 
on the Wasatch and Uinta National Forests, or on other range back 
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in the mountains, wintering them on their farms. As a result of 
agricultural settlement, however, the area of the range has been 
slowly decreasing all over the State. A striking instance of this was 
the reclamation of a large part of Provo Bench subsequent to 1900. 
Until then this land was largely a cheat-grass and sage-brush desert 
used mostly for sheep pasture. Now it is preponderantly orchard 
land. The more recent encroachments on the range are in the 
mountain valleys, where the land is dry farmed and to some extent 
devoted to irrigated farming for general crops, with cattle or horses 
as an important enterprise. At present the National Forests in Utah 
are stocked to their full capacity, being more intensively grazed than 
those of any other State. Their carrying capacity shows a steady in- 
crease under the system of management in force, but this, of course, 
is a matter of slow growth. Many stockmen own considerable areas 
of range land, which is stated to be stocked to its capacity in most in- 
stances, as is the case with other privately-owned range. Most of the 
grazing land owned by the State les within the National Forests and 
is fully stocked. 


DETAILS OF THE RANGE-CATTLE ENTERPRISE. 


The Utah farmers who at present make live stock (prineipally 
cattle) an important side line in the farm business run the stock on 
the range for 5.5 to 7 months, depending on the season and the 
locality. In the northern part of the State the range season usually 
lasts 5.5 to 6 months. The stock is driven into the mountains be- 
tween April 1 and May 1 in most years, and the animals start for 
the valleys from early September until the middle of November, 
when in the majority of cases practically all that are wintered on the 
farms are off the range. Relatively few men who have cattle as a 
farm enterprise intentionally keep any of the stock on the range the 
year round. ; 

When the animals reach the bottoms in the fall, good yearlings 
(16 to 18 months old) weight from 700 to 800 pounds per head, some- 
times more. The 2-year-olds usually weigh from 850 or 900 to 1,000 
pounds, and the 3-year-olds from 950 to 1,100 pounds per head. 
The stock cows weigh from 900 to 1,100 pounds though some come 
out quite fat at 1,200. They are sold practically always by the ninth 
year, and in general any cow coming out fat not having had a calf, 
is disposed of at once. Most men reckon on disposing of 6 to 7 
mature animals a year (2.5 to 3.5 years old) for every 10 stock cows. 
Most of the animals are Shorthorn and Hereford grades; though there 
is some Devon, in a few cases Jersey blood, and occasionally evidence 
of Holstein, though these breeds are comparatively rare with range 
stock. The smaller stockmen do not supply bulls, depending on 
those of the larger owners to serve their cows. Most men make 
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two trips with salt in a summer, a day being needed for each 
trip. They give each head from 3 to 4 pounds of salt during the 
range season, or half to two-thirds as much as the animals are 
reckoned to need. 

Most of the range cattle marketed each year are sold directly 
from the range or after a short time on pasture in the irrigated 
bottoms. As the animals come out of the mountains they are put 
on fall pasture until enough fat stock is on hand to sell. Those 
to be sold, of course, are given the best pasture if there is any pref- 
erence. Alfalfa or beet tops or a combination of these two is pre- 
ferred for such stock. Many men hire alfalfa pasture for $2 per 
acre, beet tops for $1, or the two for $1.50 per acre. Some men rake 
and haul the beet tops and feed them on sod land, though this is not 
usual. Most stockmen are of the opinion that the animals are better 
able to gather their own feed. A 38-year-old steer on full beet-top 
feed eats from 135 to 175 pounds a day and wastes 30 to 50 pounds. 
A 20-ton beet crop leaves 8 to 10 tons of tops and crowns on the 
ground, and an acre is reckoned to carry three 3-year-old steers for 
about a month. Beet tops to steers for fall sale makes them very 
fine and sleek, especially if they are grazed on alfalfa. The farmer, 
if he hauls the tops, aims to give 40 to 60 pounds per head per day. 
They are an especially good feed for cows to be turned off in the 
fall, and considering their food value they are priced at a figure _ 
“hth seems ridiculously low. Dry-land grain stubble is often 
rented for fall pasture for 50 cents per nee, and irrigated grain 
stubble for $1 per acre. 

The fall price for fat stock is usually at the rate of 6 to 6.5 cents 
per pound, though most animals are sold by the head, a practice 
which should be abandoned. Steers with an extra good finish com- 
mand 7 cents at times. Stock sold fat in the spring usually brings 
6.5 to 7 cents unless the market is below normal. The bulk of the 
cattle from northern Utah are shipped to the coast, while those 
from the southern part of the State are sent east to Omaha or 
Kansas City. The best time to market stock is stated to be in June, 
but this necessitates heavier winter feeding than most farmers care 
to give. When this is done, the animals are put on good early 
range until June, if such range is available. There are a few farm- 
ers who make a practice of feeding heavily through the winter for 
spring sale, and at a,number of places large numbers are so fed on 
beet pulp and alfalfa hay, but not as a farm activity. Men with 
more feed than they need often buy up yearlings and 2-year-olds 
for winter feeding and. sale as range feeders in the spring if they 
can not get the necessary range themselves. Some men make this 
phase of the business something of a speculation. 
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WINTER FEEDING OF STOCK CATTLE. 


FEED REQUIREMENTS. 


The winter feeding season ordinarily lasts from 4 to 5.5 months, 
but sometimes 6 months, depending on the locality and the weather. 
Stock cattle are given free run of the fields all winter by virtually 
all farmers. As a rule, only the calves are given an appreciable 
amount of shelter. Generally they are put in a field or yard by 
themselves, usually with a shed more or less inclosed and are more 
carefully looked after than older animals. Most men find that it 
does not pay to permit the calves to get stunted through neglect 
during the first winter, and special attention is given them to secure 
more growthy stock for sale the second or third year. Very often the 
calves are fed on alfalfa hay, from five-eighths to three-fourths of a 
ton per head, depending on the severity of the winter and the length 
of the feeding season. The operators find that this pays. Others feed 
them the finer wild, or slough hay, but they do not get as good re- 
sults. In the northern part of the State the full winter feed is not 
usually given until the first of December’or the latter part of No- 
vember. A couple of loads of wild hay are fed per week to each 80 
to 100 head for 2 or 3 weeks previously while the stock is picking up 
most of their feed in the open fields. As one goes southward the full 
feeding period is delayed, until in the vicinity of Provo it does not 
begin until about the middle of December. 

With a feeding period of 5 to 5.5 months (and not many farmers 
in northern Utah have to give full feed for more than 5.5 months 
except in occasional winters) a man calculates to feed about 1.25 
tons of wild hay to the yearlings, not quite 1.5 tons to the 2-year-olds, 
and 1.5, or a little more, to the stock cows and any backward 3-year- 
olds which may have been kept over. In severe winters when the 
weather stays crisp and cold for the greater part of the time, the 
above amounts are exceeded somewhat. In addition to the hay the 
stock is fed all the straw they will eat. Most feeders lump the year- 
lings and 2-year-olds with the older animals and reckon on 1 to 1.5 
tons of wild hay per head in the herd when they have a season of 5 
to 5.5 months full feed. The amount actually fed varies with the 
supply on hand, the proportion of yearlings to older animals, and 
the season. In sloppy weather the stock does not eat as freely as 
when it is cold and crisp. The aim is to feed no more than the ani- 
mals will clean up, but to keep them growing. 

When plenty of warm water is handy a man can winter his cattle 
with very little hay, and they can be brought through to spring in 
fair condition, but this management is not favored if it can be © 
avoided. A ton of barley straw, if not too coarse, or the same 
amount of wheat straw, is reckoned to be equal to about a third or 
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two-fifths of a ton of wild hay, and a ton of oat straw to be worth ~ 
one-half to three-fifths of a ton of this hay for feeding purposes. 
Alfalfa hay is deemed twice as good a feed as wild hay. In northern 
Utah slough hay sells for $4 to $4.50 per ton, and straw for $2.50 to 
$3 and alfalfa for $7 or $8 to-$10 per ton in most years. The buyer 
does his own hauling. The stock is often given free access to the 
straw stack, but they then waste more than they eat. The better 
farmers, when they wish to use their straw to good advantage, haul 
it to the fields and spread it out on the snow. MHay is practically 
always fed in racks. 


LABOR USED IN WINTER FEEDING. 


The daily duty of a man and team in winter feeding varies greatly 
with the conditions under which the work is done, as well as with 
the man. When the stock is in adjacent feed lots within a circle of 
half a mile, with free access to the straw stacks, and the hay does not 
have to be hauled over three-fourths of a mile, a man with a team 
is expected to feed 250 to 300 cows, calves, and older stock through the 
winter. It takes a very good man to feed 300. Basket racks are used 
altogether for the hauling and not over 1,500 pounds are taken per 
load. When the straw is hauled and spread on the snow under the 
above conditions one man feeds 150 to 200 head. With a haul of up 
to 2 miles for straw or hay, the straw being spread out, one man_ 
can not feed more than 150 head, and he has to be an active hand to 

‘do as much. The ordinary man rarely feeds more than 100 to 125 
head under these conditions. One operator fed 130 cattle (of which 
30 were calves) and 40 horses in a 9-hour day during the winter of 
1914-15. Part of his hay and straw (which usually was spread on the 
snow) had to be hauled 4 miles. He stated that he could not expect 
to get the same amount of work done with less than two hired men. 


WINTER FEEDING FOR BEEF. 


The fact that some operators feed for beef through the winter has 
been mentioned. This is not done to a very great extent on the Utah 
farms. Adult animals so fed for spring or early summer sale are 
given 30 to 40 pounds of alfalfa hay a day, being reckoned to con- 
sume 2.25 to 8 tons in a feeding period of 5 months. With the lighter 
hay feed considerable straw is also given; with the heavier hay ration 
very little straw is fed. A 38-year-old steer is expected to gain 150 
to 200 pounds by spring, sometimes a little more. With alfalfa hay 
at $10 per ton there is little or no money in this operation. With a 
gain of 200 pounds, and sold at 7 cents, a 1,200-pound animal brings 
$84. If worth but 6 cents in the fall at 1,000 pounds, there is a gain 
of $24 in value. Two and a half tons of hay at $8 to $10 makes a 
feed cost of $20 to $25 without charging the cost of labor, interest, 
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ete. After allowing full value for the manure, most men do not fig- 
ure that this activity pays if anything is to be allowed for labor. 


RANGE CATTLE IN PROVO AREA. 


’ The farmers in the vicinity of Provo who are turning to range 
cattle as a side line are those who own or can get the use of some of 
the lowland along the lake. This is very good pasture for such 
stock, and considerable coarse, wild hay is cut for winter feeding. 
To date this low shore land does not appear to be used to its full 
capacity. Men who have recently adopted range cattle as an enter- 
prise have bought the stock and grazing permits of others or have 
bought or leased range land outside of the National Forests. In the 
nature of the case, only in rare instances do range cattle constitute a 
practicable side line for the small operators unless they can secure 
the use of some of the low lake-shore pasture. It should be noted, 
however, that the labor required by range cattle is almost entirely 
supplemental to that in crop growing. General farmers able to adopt 
the above enterprise thus have work for the idle winter months when 
their time is not worth a great deal. With other conditions favor- 
able, a man could well afford to price his winter labor on cattle at a 
low figure. 


BABY BEEF. 


A promising enterprise in connection with the cattle enterprise 
would seem to be good feeding and care of the calves for baby beef. 
With abundant alfalfa hay and some grain the first winter the ani- 
mals should be in fine shape for sale early the following summer, or 
even in the second fall from very good range. The increasing de- 
raand for this class of beef and the high price received for it merit 
close attention from the Utah farmer. Disposal. of stock in this 
way will vastly increase the capacity of the range for stock cows, 
and nearly or quite as much is secured for good baby beef as for 
2-year-olds under the present system. An 800-pound 2-year-old steer 
at 6.5 cents per pound brings $52, while baby beef made under the 
above system sells at 14 or 15 months for around $50 per head. In 
this enterprise good grade cows should be used, and a pure-bred bull. 
Men now making baby beef have the calves come in March or April, 
wean them in September or October after spending the summer on 
fairly good pasture, and then place them on a feed of alfalfa hay and 
a maixture of barley and oats. The grain feed is gradually in- 
creased until by the following May each animal receives from 6 to 
10 pounds per day. They are sold in May and June. The receipts 
per cow in the breeding herd are practically twice as large, and the 
money is turned over twice as fast on the same size of investment 
as when the beef is made on the range and sold at 24 years of 
age. Although the feed the first winter costs more than in the old 


36 BULLETIN 582, U. S. DEPARTMENT OF AGRICULTURE. 


system, the expense up to the time of marketing the product is less. 
In the present condition of the range industry in Utah such a plan 
as the above seems the only way out if more operators are to engage 
in that enterprise as a side line. Such an enterprise forms a valu- 
able addition to the farm business in the hands of a capable opera- 
tor who can make use of the range. 


UNCERTAIN MARKETS AND HIGH TRANSPORTATION CHARGES. 


The outstanding fact in irrigated agriculture in Utah is the de- 
pendence of a large proportion of the farmers on a distant and ex- 
tremely uncertain market for the disposal of a bulky and perishable 
product. This has been especially true in the past 10 years, when the 
orchard area, particularly the peach area, has been greatly increased. 
A considerable percentage of the peach orchards are on small farms, 
less than 27 acres in size and averaging less than 18 acres. Under 
the existing market conditions dependence primarily on fruit by 
the operators of small farms in this region (and other sections sim- 
ilarly situated) is not safe. This statement applies with added force 
to the small peach grower. The great weakness with the peach crop 
les in the fact that it reaches the market usually in the same week 
as does that from southern Michigan. The Michigan growers have 
a big advantage in their lower freight charges. Their crop must be 
poor or a failure before the Utah growers are able to make much 
profit. An uncertain market, uncertain crops, and high shipping 
costs are a severe handicap to the Utah orchardist. 

The uncertainty of the market for Utah fruit is characteristic of 
that for all perishables. The Office of Markets of the United States 
Department of Agriculture is making rapid progress-in its work on 
the markets for perishable products, but however great its success 
the other weak points in the system of the Utah orchardist will per- 
sist. Although the small-fruit grower who does not depend on 
peaches is less precariously situated than his neighbor, all the small 
orchardists are operating with a factor of safety which is entirely too 
low. In case of crop or market failure they have little else to depend 
on. Owing to a late freeze the fruit crop in Utah Lake Valley in 
1915 avas almost a total failure. The small operator suffered ac- 
cordingly. 

Because of the high transportation charges,’ the ppeeitar in the 
Intermountain country who ship to distant markets should rely so 
kets and the charges for refrigeration are typical for the State. From Proyo the 
grower pays 90 cents per hundred pounds to get his fruit to Kansas City, Omaha, or 
Missouri River common points and $45 per car for refrigeration. To Mississippi River 
common points the freight is 95 cents per hundred and $50 per car for refrigeration. 
To Chicago these charges are $1 and $55. To Texas common points the freight charge 
is $1.06 and the refrigeration $60 per car. To the Atlantic seaboard the freight 
charge is $1.558 per hundred and the refrigeration charge $65 per car. (Freight rates 
supplied by the Interstate Commerce Commission. Refrigeration charges from Provo 
were obtained from a large shipper of Utah fruits.) 


The average gross weight per packed bushel of apples from Utah County is 52 pounds, 
the container weighing 6 pounds. The average gross weight per box of pears is 51 
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far as possible on concentrated products of a high value for their 
bulk. In former years when little but beef, mutton, and wool was 
shipped from the State, the conditions of the market were quite fully 


met. The possibility of a greater dependence on beef has been indi- 


cated. Should an extension of the canning industry give a good mar- 
ket for certain crops in the Provo area the situation of the farm oper- 
ator will be much improved. The same will result if the creamery 
business undergoes the expansion which its friends anticipate. 

In either instance the opportunity for diversification in this area 
would be much greater than at present. In the first case crops of a 
relatively high value per acre can be grown; to a considerable degree 
the labor on them will be noncompetitive with labor on enterprises 
now followed; and within reasonable limits the regular labor at 
present only partly occupied can attend to all but the harvesting. In 
the absence of this opportunity possibilities of diversification with 
the present range of farm enterprises should receive careful atten- 
tion. A valuable means to this end would be offered by an expansion 
of the creamery business, and along lines largely noncompetitive 
with the current activities on most farms where a dairy herd or an 
enlargement of the existing herd will prove practicable. 

The larger orchardists who place considerable reliance on general 
crops are more favorably situated, particularly those who have only 
limited areas of peaches and depend more on the other tree fruits, 
which give better returns. A factor of no small importance in this 
result is the lower harvesting cost of these fruits. But the operator 
who utilizes orchard enterprises as an important though not the 
primary activity, or as a filler to round out the business as a whole, 
is the one whose system more nearly fits the existing conditions in 
this region. This would seem to be the only system on which fruit 
of any kind should be produced by the great majority of Utah 
growers. The man with a special market for his product or the oc- 
casional orchardist of unusual ability, particularly when he grows 
the more profitable fruits, perhaps can afford to concentrate on 
orchard enterprises, but he takes a gambler’s risk. A man with 
small or moderate capital can not afford to run such a chance. 


TOWN-DWELLING FARMERS. 


A striking fact in Utah agriculture is the number of farm opera- 
tors who live in town but have their farms at varying distances in 


pounds, the container weighing 5 pounds. A case of peaches averages 21.5 to 22 pounds 
gross and a case of prunes 26 pounds gross. Usually very little Utah fruit is shipped 
east of Chicago. 

Two bushels of fine Rome Beauties were bought near Provo in the fall of 1914. They 
cost 62.5 cents per bushel, packed and ready for shipment. They were sent by express 
to Washington, D. C., at a cost of $1.98 a box and thus cost at the house door $2.505 
per bushel. If shipped in bulk the cost for transportation would have been 91.85 cents 
per bushel. These apples packed 76 and 80 to the bushel, and fruit of similar quality 
on the Washington market sold that winter for $4.25 to $4.75 per bushel. At fruit 
Stands such apples sold for 10 cents each. 
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the country. This is in large measure a heritage of the Indian 
days, when communal settlements were necessary for protection, and 
a man’s land lay outside the stockade in more or less intermingled 
strips, after the fashion of medieval European agriculture. Much 
the same system still holds in parts of Europe, as well as in other parts 
of the world. When all the land farmed is in one piece, or where the 
fields are located quite close together, the inconvenience of this. 
arrangement is not so pronounced. But some farmers in this region 
have land lying in three or four different directions and none of 
it as close as 2 miles to the home. For example, a man will have a 
field 4 miles from town in one direction, another field 3 miles away 
in another, and the remainder as far or farther away in a third. 
The roads may be so planned that the quickest route to any other 
field from one in which work is going on is back to town and then 
out. Under such conditions the time wasted on the road is a serious 
handicap to successful farm management. 

Even with the least inconvenient arrangement, that of having all 
the land in one block or in neighboring blocks at a distance of 1 
or more miles from town, many small economies are not possible. 
When the fields are widely separated the problem is intensified. Few 
men in the former situation have their land as close as 1 mile to town. 
A number from whom farm management records were secured live 
from 3 to 3.5 miles from the farms, sometimes farther. Each day 
during the busy season they lose from an hour and a quarter to two 
hours on the road. They rarely return for dinner in the middle of 
the day, but when they do so the time lost is doubled. 

These men find it practically impossible to use cows, hogs, or 
chickens as a side line. They therefore buy a pig or two in the 
spring to fatten for home use and sometimes have a few hens at the 
house, but their grocery bill for eggs and poultry often amounts to a 
large sum in the course of the year. A flock sufficient to supply the 
family throughout the year would be a serious nuisance to the neigh- 
bors in town, as would the pigsty. One team is kept in town prac- 
tically the entire year, as is the cow as long as she is fresh. She is 
grazed on hired pasture throughout the summer, driven out in the 
morning and back at night. The milk bill for a large family often 
is a considerable item after the cow goes dry. The remainder of the 
stock—that is, practically all the work horses or colts—is kept at 
the farm. During the winter about two trips are made per week 
to look the animals over, salt them, and see to the feed. For a part 
of the winter a considerable portion of the feed is picked up on the 
beet land if it is not fall plowed or on that part pe it which is not 
so plowed. 

The farm garden usually is a very minor enterprise, if present at 
all under these conditions, and a considerable part of the family liv-_ 
ing, which otherwise would be raised in spare hours during the sum- 
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mer, is bought over the grocery or market counter. In many cases 
the quality of the vegetables bought is not as high as that of those 
raised on the farm. The variety is apt to be somewhat more lim- 
ited than if grown in a farm garden. Asa rule, a smaller quantity of 
fruit and vegetables is “ put up” during the summer for winter use 
than when a good garden is available. This is an item of far greater 
importance than sometimes is supposed. A study made by the Office 
of Farm Management in other sections of the country indicates that 
about 63 per cent of the food consumed by the farm family is pro- 
duced on the farm.? 

When the operator lives in town several miles from the farm he 
neglects many seemingly insignificant sources of food supply which 
in the aggregate form a large sum. By no means the least important 
is the item of animal foods, or animal products consumed. These are 
the most costly and constitute nearly three-fifths of the total value 
of the food supply. Often they are conspicuously lacking in the con- 
tribution made by the farm to the family living under the above con- 
ditions. Considerable money which otherwise would be available for 
various comforts and conveniences goes for their purchase. On the 
score of farm management there seems no doubt that the man op- 
erating his farm as outlined above is doing so at a serious sacrifice. 

There is another side to this question, however. The farmers in- 
terviewed readily agreed as to the shortcomings of their system. The 
wiyes did the same, but presented facts that put an entirely different 
aspect upon the case. Many of the families live in town because of 
the school facilities. In those sections where the country schools have 
been brought to a high state of efficiency, and they are very numerous 
in Utah, the farmers habitually live on the farm. Many of those who 
live in town do so because of the distance the children would have 
to travel to the country school and because of the better schooling 
often secured in the town schools. In a severe winter considerable 


‘ time js lost from the rural school in many cases, particularly by the 


younger children. Furthermore, the urban conveniences and the 
urban social advantages have a strong appeal, especially to the wives, 
and this seems to be as general a reason for living in town as superior 
schooling, perhaps more general. These wives have a strong argu- 
ment, as is attested by the fact that they do live in town. When this 
oP nen is added to that of the school patios, their case is 
strengthened considerably. 

It is seriously open to question, however, rit ct the urban en- 
vironment, on the whole, is the more wholesome for the children. 
Certain educators strongly believe that it isnot. In general the rural 
sociologist agrees with the educators. At the same time, the farmers 
state that they profit but little by the social advantages of the town, 
and the children less, so far as real advantages are concerned. 


+Warmers’ Bulletin 635, What the Farm Contributes Directly to the Farmer’s Living. 
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There is small ground for argument on the question of the town 
school as compared with the country school in some cases, nor on the 
question of getting the children to school during the winter. The 
social side of the question is one for the rural sociologist and the 
specialist in rural organization to study. 

The farm-management side of the proposition seems largely un- 
debatable. It seems probable, however, that the greater oppor- 
tunity more fully to utilize the resources of the farm when it is also 
made the site of the home, would far more than offset the cost of 
keeping a horse with which to send the children to school, and the 
trifling corral rent for stabling the animal while school is in session. 
Indeed, the main need for the horse is in severe winter weather when 
the farm draft is largely idle, and probably no extra horse would be 
required in many cases. ‘The season when the school question is most 
pressing being that when farm work is most slack, little work other 
than hauling manure being done then, would seem to indicate the 
feasibility of the farm operator attending to this chore himself if 
some other arrangement could not be made. 


IMPORTANCE OF RAISING HOME SUPPLIES. 


In regard to more full utilization of the farm resources for direct 
contributions to the family living, considerable still remains to be 
done by many of the operators in this section in common with fully 
as large a percentage of the farmers in other parts of the country. 
This phase of the farm activities is of peculiar importance to Utah 
farmers. A considerable proportion of them depend on a distant 
and uncertain market for the disposal of their products. Good or 
fair prices received for fruit one year may be and often are offset 
by poor prices for one.or more years. This condition is likely to 
become increasingly prevalent as the area of fruit at present not 
in bearing reaches maturity, particularly in regions nearer the con- 
suming centers. The farm garden in particular should receive much 
more attention, and the surplus therefrom, as well as surplus fruits, 
should be canned if not adapted to preservation otherwise. Marked 
improvement is discernible in this regard since the start of Boys’ 
and Girls’ Club Work in the State. The work of the Agricultural 
College and the county agents along this line should meet with the 
ready cooperation of all the farm operators and their wives. Much 
can be learned, and valuable economies practiced as a result. By 
more attention to the above points money which otherwise passes over 
the grocery counter will be available for other uses, not the least im- 
portant of which are conveniences for the home, and savings to meet 
the strain of that lean year, which is sure to recur more or less 
frequently. 
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Without a single attempt to escape, an average of 40 negro con- 
victs were maintained for 10 months in the Fulton County (Ga.) 
honor camp conducted under the observation of the United States 
Office of Public Roads and Rural Engineering and the United States 
Public Health Service. This notwithstanding the facts that the 
convicts were worked without armed guards, without exceptional 
conditions as to hours of labor, without special rewards or other 
unusual inducements to good behavior, and with the camp located 
near a trolley line and within 11 miles of the city of Atlanta, from 
which most of the convicts were sentenced, a condition admitted by 
all competent authorities to be most unfavorable to the successful 
operation of an honor camp. 

With a diet prescribed by the United States Public Health Service, 
‘ample in quantity and containing all the properties essential to 
maintain laborers engaged in heavy outdoor work, the convicts were 
fed at a cost 9 cents per day lower than that required to maintain 
other convicts on an unbalanced diet in the same county at the same 


time. 
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At a cost of only 6.2 cents per man per day specially designed light 
and airy portable buildings were provided, and their suitability for 
the purposes of convict camps was demonstrated by the fact that 
they were moved at less expense than would have been incurred in 
moving quarters of any other type but tents. 

A supply of pure running water was made available in the camp at 
a cost of only 1.7 cents per man per day. This result is particularly 
enlightening in view of the fact that the cost of installing running 
water systems in convicts camps is thought to be prohibitive by the 
majority of camp officials. 

Waste and garbage were disposed of scientifically by incineration, 
at insignificant expense; and a system of sewage disposal, including 
water-closets and a cesspool, was installed and operated at a cost of 
about one-half cent per man per day. 

The sick rate was maintained for six months at less than one-half 
of 1 per cent; and medicine and medical attention were provided at 
a cost of 1.6 cents per man per day. 

A system of records and reports was installed and operated for 
six months at a cost of less than $25, and the saving on food 
alone resulting directly from the employment of the system during 
the same period amounted to more than $350. 


STRIKING RESULTS OF THE EXPERIMENT. 


Taken as a whole, the outstanding results of the experiment 
demonstrate that cleanliness, comfort, and humanity in the convict 
camp are not inconsistent with economy and efficiency in the work of 
the inmates. More specifically the operation of the camp has 
demonstrated— 

That the honor system can be applied to negro convicts without 
holding out tempting hopes or rewards, extra commutation of time, 
granting of greater privileges, or awards in money. 

That monotonous prison fare can be replaced at lower cost by a 
scientifically diversified diet that makes for additional bodily vigor 
and contented mind. | 

That convicts can be housed in sanitary buildings, provided with 
clean bedding and clothing at a cost little greater than that of make- 
shift and insanitary sheds, filthy bedclothes, and unfit uniforms. 

That a supply of pure running water can be made available in the 
camp at surprisingly low cost, with great advantage in convenience 
and sanitation over the primitive “‘water-toting”’ methods followed 
in the majority of camps. 

That insanitary methods of waste and garbage disposal can be 
replaced by a thoroughly scientific system with little trouble and 
insignificant expense. 
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That care and attention given to the diet and the sanitary con- 
ditions will yield abundant fruit in a remarkably low rate of sickness. 

That a businesslike system of records and accounts can be installed 
and operated at small expense, and that its worth will be proved by 
the ease with which leaks and extravagances can be detected and 
eliminated, and by which a high degree of economy can be effected. 

And that the slightly increased cost of maintaining convicts on 
the higher plane indicated by the above suggestions is fully offset 
by the increase in efficiency of the working force, so that the cost of 
work performed is not measurably affected. 

These are the most striking results of the operation of the Fulton 
County camp. The methods by which they were obtained are 
described in the following pages. | 

The camp was established as the result of the studies of convict 
labor for road work conducted in 1914 and 1915 by the Office of Public 
Roads and Rural Engineering and the Public Health Service. These 
studies embraced an investigation of conditions, methods, and prac- 
tices pertaining to the use of convicts in road construction in 21 
States, a wide reading of the available literature, and a digest of the 
opinions of numerous specialists in highway construction, penology, 
and sanitation. A mass of valuable information was accumulated 
covering practically all phases of the problem. This material was 
arranged conveniently and, together with such specific recommenda- 
tions as seemed warranted by the data in hand, was published as 
Bulletin No. 414 of the United States Department of Agriculture, 
entitled ‘‘ Convict Labor for Road Work.” 

It was expected that the operation of the camp would establish by 
actual test and demonstration data of great practical value along 
several lines, among which might be mentioned the housing, feeding, 
and management of the convicts. A special type of portable building 
was designed with a view to determining the practicability and econ- 
omy of this type in comparison with other camp structures. A 
_ balanced ration, under a rigid system of weighing, checking, and cost 
keeping, was installed to ascertain whether this diet and system would 
- effect economy and promote the welfare of the convict. The honor 
system was followed in the discipline of the convicts, all of whom were 
negroes, as this system, although generally recognized to be successful 
in dealing with selected white convicts, rarely had been applied to the 

discipline of negro convicts. It was thought that this problem was 
_ well worth a practical determination both from economic and hu- 
Manitarian standpoints. 

The plan was first suggested early in the summer of 1915 by repre- 
sentatives of the Office of Public Roads and Rural Engineering to 
Mr. W. T. Winn, at that time chairman of the Committee on Public 
Works of the Board of County Commissioners of Fulton County, Ga. 
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Mr. Winn welcomed the opportunity to improve the methods of han- 
dling the convict force and recommended to the board that a cooper- 
ative arrangement be made with the Office of Public Roads and Rural 
Engineering and the United States Public Health Service for the oper- 
ation of a demonstration convict road camp. The board, consisting 
of S. B. Turman, chairman; T. J. Hightower, jr., vice chairman; 
W. L. Gilbert, W. T. Winn, and J. Oscar Mills, gave its approval to 
the scheme, which was thereupon approved by the State Prison Com- 
mission of Georgia. This action by the Board of County Commis- 
sioners indicated their earnest desire to improve the condition of the 
county convict forces and their intelligent appreciation of the possi- 
bilities for bettermg existing conditions. 


THE PLAN OF COOPERATION. 


The county commissioners agreed to establish an honor camp of 
approximately 40 negro convicts, to maugurate a system of discipline 
and to provide suitable portable camp buildings, equipment, materials, 
and supplies, all in accordance with the plans and recommendations 
of the Office of Public Roads and Rural Engineermg. The county 
also undertook to supply to the convicts food of the character and in 
the amount recommended and specified by the United States Public 
Health Service, and to provide for the management and organization 
of the working forces, as well as for the keeping of a system of records 
and reports in accordance with the suggestions of the Office of Public 
Roads and Rural Engineering. The two Federal bureaus agreed, 
respectively, to assign an engineer and a sanitary officer to supervise 
the road work and the conduct of the camp and to be of general 
assistance to the commissioners in connection with other county 
camps and road work. To cover the cost of collecting the data 
desired by the Government, it was arranged that parts of the salaries 
of the three county officials so employed should be paid by the Office 

of Public Roads and Rural Engineering. 


THE SYSTEM OF CONVICT LABOR IN GEORGIA. 


As the experimental camp was essentially only one unit in the 
prison system of the county and State, it necessarily was subject to 
local rules and regulations and to some extent to local customs. 
Therefore a brief outline of the system in force in the State, and of the 
usual methods of housing, feeding, and guarding the convicts, will 
indicate the limitations of the experiment and afford a basis for 
estimating the value of the results attained. 

All males convicted of misdemeanors or felonies in the State, except 
such felons as are required by law to be kept at the State farm, may 
be employed upon the public roads by the authorities of the several 
counties. During the year from June 1, 1915, to May 31, 1916, 412 
white and 3,170 negro felons and 217 white and 3,052 negro misde- 
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Meanants were so employed. These convicts constitute a State force 
which the State prison commission apportions, according to popula- 
tion, among the various counties desiring their use. The responsi- 
bility of employing and maintaining the prisoners is borne by the 
several counties under the direction and supervision of the prison 
commission; and for the guidance of the county authorities the com- 
mission has established rules and regulations governing housing, 
feeding, guarding, discipline, etc. ‘The convicts are under the imme- 
diate control of wardens appointed by the prison commission with 
the concurrence of the county authorities, and the commission also 
employs supervisors to visit the various counties and inspect the con- 
victs and their work. 

Camps established by the counties are of two classes, permanent 
and temporary. In general, the former consist of wooden barracks 
frequently located at or near the poor farm. In some of the counties 
these barracks are well designed and well equipped, convenient, and 
sanitary, but in many of the smaller counties the sanitary conditions 
are poor. The quarters in the temporary camps are tents, cages, or 
cars, and sometimes portable buildings. The sanitary conditions are 
bad, as arule, in camps of this character, particularly the cage camps, 
in which the cages usually are seriously overcrowded. 

The beds or bunks provided are varied in character; in a few cases 
they are metal cots, but more often wooden bunks or individual 
pallets laid on continuous platforms. Two sheets, sufficient blankets, 
pillows and pillowcases are furnished to each man, and nightshirts 
also are provided. 

Misdemeanants are clad in suits of striped cloth; but felons are 
divided into three grades according to conduct, and wear gray, brown, 
or striped suits according to class. The weight of clothing provided 
for all classes is adapted to the seasons, and the cloth generally is of 
satisfactory quality, the clothing in fair condition. 

The rules of the prison commission require that food be provided 
for each convict in not less than the following amounts: 

Corn bread without stint, three meals each day except when wheat 
bread is furnished; wheat bread without stint, three meals each week; 
three-quarters pound of salt pork each day; one pound of fresh meat 
or 14 pounds of fresh fish twice each week; sirup or molasses three 
times per week; vegetables three meals each week; one cup of coffee 
for breakfast each day; salt, pepper, and vinegar without stint. 

Many of the counties furnish diets of somewhat greater variety and 
abundance than that prescribed, and the average cost of subsistence 
in 1916 was approximately 22 cents per man per day. 

It is the general practice, except in the case of cage prisoners, to 
secure all convicts at night by means of leg chains attached to a 
continuous gang chain and to one ankle of each convict. As an 
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additional safeguard at least one armed night guard is placed on duty 
in each camp. 

The convicts are under constant supervision all day of guards 
armed with shotguns and revolvers, the number of guards usually 
approximating about one-tenth of the number of convicts. With 
these measures in force the number of escapes from the various county 
gangs represents from 1 to 3 per cent of the number of convicts 
employed. 

Few privileges are accorded, a small weekly allowance of tobacco, 
and permission to conduct a restricted correspondence with relatives 
and friends being the most notable. 

Punishment is inflicted by withdrawing the privileges and by 
whipping. Corporal punishment may be administered only by the 
warden or deputy warden; not over 10 lashes may be given, and it is 
unlawful to apply the lash to the naked skin. A record of each case 
of punishment is required by the prison commission, but in spite of 
all these regulations there is no doubt that the strap is used with 
cruelty in many cases. 

The hours of labor are from sunrise to sunset, with one hour for 
rest and dinner from November to February, inclusive, one and one- 
half hours in March, April, September and October, and two hours 
in May, Junie, July and August. 

The best of the camps of the State are conducted with some degree’ 
of economy and efficiency, but in a majority much of the saving 
possible by the use of convict labor is dissipated by wasteful manage- 
ment, and much of the road work performed by the convicts is of the 
simplest character, consisting of unsystematic patching and repair 
of earth, sand-clay, and top-soil roads, which experience has demon- 
strated can not be done economically by. convicts. 

The conditions existing in Fulton County at the time of the inaugu- 
ration of the experimental camp were representative of the best in 
the State. The county chain gang numbered about 550 prisoners. 
These were quartered in seven permanent camps in various sections 
of the county, and one portable cage camp. The latter had a popu- 
lation of 20 men and was known as the ‘‘honor” camp. Its inmates 
were chosen from the other camps of the county as a mark of honor 
for good behavior, but in no other sense was it an honor camp. The 
men were locked securely in the cages at night and were worked 
under armed guards during the day. However, when the experi- 
mental camp was opened 17 of its first inmates were assigned to it 
from this camp and it was known thereafter as the ‘‘portable”’ camp. 

All camps and convicts in the county are under the care of a 
warden and there is a deputy warden in charge of each camp. The 
road work, however, is done under the direction of the county super- 
intendent of public works, and all surveys and strictly engineering 
work are done by the county engineer. 
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DESCRIPTION OF THE CAMP SITE. 


The preliminary arrangements for the experiment were completed 
and agreed upon in October, 1915, and work on the construction of 
the buildings was begun November 3. Various causes, including 
bad weather, the slow arrival of building material, and disputes over 
right of way of the road to be constructed, delayed the opening of 
the camp until January 10, 1916. On that day 17 men were trans- 
ferred to the camp and set to work cleaning the buildings, gathering 
firewood, and other chores incident to the opening of the camp. On 
January 12, 16 additional men were selected and sent from several 
camps, and road work was begun. Not until January 17, however, 
was the camp manned to capacity. Eight more men were received 
on that date, thus increasing the population to 41. As the quarters 
would accommodate only 40 conveniently, one man was returned on 
the 19th of the month, and from that time the population of 40 was 
maintained as closely as possible. 

The camp was operated under the cooperative arrangement until 
August 23, 1916. On that date the convicts were transferred from 
the experimental camp and confined in cages at the county fair 
grounds. This step was taken by the county commissioners without 
the consent of the Federal bureaus. It was explained as an emer- 
gency Measure necessary to complete a race track at the fair grounds 
in time for the Southeastern Fair, and the commissioners expressed 
their willingness to hasten the return to the experimental camp and 
to extend the operation under the cooperative arrangement for a 
period equal to the time lost, but it was believed by the Office of 
Public Roads and Rural Engineering that it would be difficult to 
resume the experiment along the old lines, particularly in respect to 
discipline, and the cooperation of the Federal bureaus accordingly 
was withdrawn. However, after the convicts were returned, the camp 


remained under Federal observation to a certain extent until it was 


moved to a new site on November 22. 

The first work selected for the experimental camp by the county 
commissioners was the grading of a section of the Powers Ferry Road 
approximately 2 miles in length. (See fig. 1.) Accordingly, on 
November 9, 1915, a camp site was selected about 3,000 feet from 
one end of the road. It was an almost level plot of sufficient area to 
accommodate all the camp buildings, from which the ground sloped 
away in all directions. The part selected for the accommodation of 
the main buildmgs was free of trees, but was covered with a heavy 
growth of tall grasses. The part selected for the stable and corral 
lay to the north of the clearing in a growth of pine trees. These, 
while they afforded no shade for the quarters, were in such position 
as to protect the camp effectively from the cold north wind. The 
soil consisted of about 3 inches of top soil overlying a micaceous clay. 
It was sufficiently porous to absorb water rapidly aud did not become 
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muddy except during very heavy rains. Permission was obtained 
from the owner for the use of the land free of charge, and therefore 
the only expense for the site was the cost of clearing, laying out a 
flower bed, and constructing paths and roads. This was done at a 
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Fia. 2.—Ground plan of experimental convict camp, Fulton County, Georgia. 


oan 

cost of $43.50 in convict labor. The site was occupied for 311 days. 
As there were 7,174 convict calendar days in the first 183 days up to 
July 10, it is computed that the cost of the site per convict per 
calendar day was $0.0036. The ground plan of the camp is shown 
in figure 2. 
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CAMP BUILDINGS. 


Portable buildings and tents were used for housing the mmates 
and officers. The stable, harness shed, and blacksmith shop were 
constructed at the site of rough lumber and galvanized iron. The 
portable buildings were of a special type designed by the Office of 
Public Roads and Rural Engineering. The sills, 4 inches wide and 
8 inches deep, were cut to the proper lengths to support buildings 
18 feet square and were so arranged that any number of such build- 
ings might be joined end to end to form a building 18 feet wide and 
any moultiple of 18 feet in length. They were fastened together at 
the corners of the building by means of 6 by 6 by inch angles and 
8-inch bolts and lag screws. The floor joists, 2 mches wide by 6 
inches deep, were set on 2-inch strips nailed to the bottom of the 
sills, and were spaced 2 feet 24 inches apart and held in an upright 
position by means of 1-inch blocks nailed to the sills on each side of 
them in such manner as to form slots. 

The walls were built in sections, each 3 feet 733; inches in width 
and 9 feet from floor to eaves. They were built of ~ by 4 inch 
tongued and grooved material on frames of 2 by 4 "toh pieces. 
Alternate sections were fitted with standard 6-light 38 by 42 inch 
window sashes and solid wooden shutters of 3-inch tongued and, 
erooved lumber. These were hinged at the top so as to swing out- 
ward, and when open they acted as awnings. The wall sections were 
voted together with 4-inch bolts through the 2 by 4 inch frames, 
and were held down to the sills by means of $-inch lag screws. 

The floor consisted simply of 6 by % inch boards, 9 feet long or 
equal in length to one-half the width of the buildmgs. These were 
laid across the sills and were fastened at their ends only. Along 
the center of the building they were held down by a batten or floor 
strip screwed through them to the center joists, and at the sides of 
the building by the wall sections which rested on them. 

The wall sections were tied together at the top by 2 by 4 inch 
pieces bolted to the top of the sections. When thus bolted to the 
2 by 4 inch frame, they formed 4 by 4 inch plates upon which rested 
the 2 by 6 inch rafters, spaced 3 feet 72; inches apart, so that they 
fell directly over the wall jomts. The rafters were braced and held 
down. to the plates by means of knee braces of 4-inch round iron 
rods provided with turnbuckles. They were tied near the ridge by 
short wooden collar beams, 2 by 6 inches in section, and near the 
eaves by }-inch round iron tie rods provided with turnbuckles. 
The turnbuckles on the two sets of the rods made it possible to allow 
for swelling and shrinking of the lumber in seasoning, and at all 
times to keep the walls vertical and the roof as it was designed to 
stand, at a pitch of 5 inches to 1 foot. 


CONVICT ROAD CAMP, FULTON COUNTY, GEORGIA. At 


The roof was made in sections of the same width as.the wall sec- 
tions, fabricated of 1 by 6 inch boards nailed to 2 by 4 inch battens 
or purlins. On the ends of these short pieces of 4 by 4 by 3-inch 
angle iron were fastened, by means of which and 34-inch bolts the 
roof sections were eed to the rafters. Each roof section was 
covered with 3-ply ready roofing, glued to the sheathing, and the 
jomts between the sections were covered, water-tight, with laps of 
the same material, 12 inches wide, fastened down by roofing nails 
and cement. The joint at the ridge was covered with galvanized 
ridge roll, and metal ventilators were set into the ridge at intervals 
of 18 feet. 

All doors and windows were provided with fly screens of galvanized 
wire mesh. 

The complete detailed plans accompanying this bulletin are for 
’ buildings similar to those described, but not like them in all respects. 
(See detached Appendix Plates). The plans show a height of wall 
of 8 feet, which is regarded as sufficient, and this height was recom- 
mended to the county commissioners, but the rules of the prison 
commission require a wall 10 feet high. The height of 9 feet, which 
was actually adopted, was the result of a compromise between the 
height recommended and that required by the prison commission. 

Another difference is found in the floor, and is the result of the 
experience gained in constructing the buildings. Instead of the 
6-inch boards which were used, the plans call for | by 34 inch tongued 
and grooved boards which, instead of projecting under the wall sec- 
tions, are held down at the sides by means of battens. 

The increase in the height of the wall resulted in an increase in the 
cost of the buildings, but this is approximately offset by the change 
in the floor construction. The cost of the buildings as constructed, 
therefore, is probably quite close to that of buildings constructed 
according to the plans. 

The camp buildings housing the sleeping quarters, kitchen and 
dining room, commissary, and office were of this type and were of 


the following sizes: 
Feet. 


Se pprimencanleisee Siesta ne ate Secu kee ate mete: Stet See 18 by 54 
Setretenmacdra ining rOOnN so) 255s) 2s) 5 Ree eee ria eke 18 by 54 
< SRBETETET SIS SETA ic ee ahi a i Sch lt Rela ee 18 by 18 
CUED. siege ote cept Bei A AN gee ee eo ae na te 18 by 18 


All parts of these buildings were constructed at the county shops 
at the Bellwood Convict Barracks, in Atlanta. To expedite erection, 
they were hauled to the camp site unpainted, but before they could 
be erected the work was halted and the building sections were thor- 
oughly wet by a series of heavy rains. The poorly seasoned lumber 
absorbed the moisture and swelled so that it was necessary to bore 
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new bolt holes in some places so as to adjust the sections to each 
other. Subsequently, when the lumber dried, many of the parts con- 
tracted, leaving cracks as much as one-fourth inch wide in some places. 
These were drawn up or filled, and in the fall of 1916 the buildings 
were in very satisfactory condition. The whole trouble would have 
been avoided if the sections had been painted inside and out before 
they were sent to the camp site. 

The following is a complete bill of the material and labor entering 
into the construction of the buildings as described, and the costs 
given are the actual costs of construction: 


Summary of materials and labor and cost of constructing portable buildings for the 
Fulton County Experimental Convict Camp. 


Lumber—Longleaf pine, No. 1 common: 


Sizes 

Pieces. Inches. Feet. 
DAD ERMAN ANC EES Paaee eC N SAE ae ASC a COREE S FA CMR Belek on ey ei eee a 4 by 18 8 
(OTe Se a os SRE Cae aa es seem fe ey A Se Re pee 335 by 445 18 
UT te al ee cope Sak CE eM Me RN RG RRA EMD ad SS rea ed 2a RN 2by 8 18 
BG ei ae SER ry RPA he, AN 2 le la Pacpes 1 Ay ke em 2 by 6 18 
UD CPA aalia eet ian ah rd ar Sse alas vem A eat ol 3 AN ReM UiaN Mea aarege ee 2 by 6 16 
Que PRL NERN pared EAN AED A Ss EGR CAAA Bee PN ak 2 by 6 12 
SI PRE SELLE INS TRCN OE fay Se te SN ae Oe Ne peg et 2 by 4 18 
Can Stones Oneness COTS eS A ies PM pS Ak ee 2 by 4 16 
AD BA Mer tetra 3°. cP are Pain PAO Set Fo Me EAR OU ae ee SUV 2 by 4 12 
UC Eas oh es eee ce me nerogitey SE UoT oN eect crs hte co ae D, RieA Ts Uo Aaa Be 2 by 4 10 
tle es eaten IGN PMs el ean eta ne etme GU RU ai eAl oh eu a Bee 2 by 2 18 
OL I ORR oe SND RE LES! GOREN EEE L TE REE AMOR BAN SAREE 2 by 2 2, 
CO ee RE RN AT EE ee Fe NS EY | esa ee lby 12 16 
BAe: pat a van ayes RON Gilani rk eT Asya PE Ba ges eed I eect a, et lby 10 16 
22 Sy ON UE ESAT he her thet cB RULERS SSIS 5 Re mS ee ete vay) ce 1by 10 12 
By De eee Renney a Oath em a 2G Wen AUe pane ee eae Mine ere MeN Aen emeetel Cemetery Lby 10 10 
ie Se pe 2 AG oft yp bate Dae ha ean a oni co I lca NY 1 by 9 18 
BO) AEN, GAARA T ESS ADT) MERIGRON, AN SUES: OREO EP 1 by 6 18 
SRO ees eke eres eee eee ay aes races rapes nage i URES a cage l by 6 12 
AGNI i Deak os eee lo Mc hin ON ge Un ee, I) EA See hee er oe 1 by 4 18 
ANE oe ee a Cee Sat AHN GN a es GL a ee leen ite RR 1 by 4 16 
DDN EAL PAN eS NCP fas NeW Ri gM ee ge NEURON ae ene l by 3 18 
Lose porary 2 eet SAAC Ate AR ar Ue oO ie PSTN es Ca aes SE RO 1 by 3 12 
WG Pe epee eee cu Enea era ae ee eee er mele arene 1 by 2 18 
Tey) PAU zs biel INS eet ire ce LL Se Blea Sicrey 1 by 2 16 
Da a Cea in AE RAR AL AB A Re I UR Rap a Ric Ea ce 4 by 5 18 
BUAD spec Satya an ea gE Ee 2) SE ee a SER, eta ay eT net Bt oo l by 1 18 
(FO Ree er st Rear a aia) ae ee ane pe is eS ea RNa ote NS eee 2 iby 3 18 
ENO EMS RES aes Soke ee ee COREE ARES AER eects Lame ids le iby 2 18 

Deir ee Be ig NN Ee Ie SR ence A ot Z by 34 
T Eb 18 

UGS Gee Ra UN Se UNA cea ea OS a re ee So % by 34 
T Eb 16 

Totalécost olin erey yee ne eerie vee NSS (aly ae oa a $493. 45 
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Hardware: 
ealyanized Iron. VentUators. 4.0.0.2 ss 3 ke ees ae $15. 75 


SUIS PYRCKEWSa as te sociale See A ers Se Be es ele aaa 4 by 34 
TQ) ISEGRO We cet eRe ESC eIgor es EGO Ae ene anne mare & by 34 
DLOB Es CeSCKOWS ean a RRS IE ek Ok oe et Seale, SY shisha Ba by 8 
BND? Sn ela aavese O1G) NAS ere eh ee ek ene eee eee nee toby 4 
WAGER CENETIO OOULS Se seers cca eu ee en ees 4 by 54 
CUTIE NMNACH DOM Sea cg oe sa wiley Se kale eile oe ae + by 54 
(5 JMTANC| DUTY) Yolo) LEU ah 8 SS AE yl Same ARP et iby 7 
ommachinie: WOltser. cite. ae. eis ela Le Pe a eS 4 by 74 
Hopi bin Ca ONiSes eras ke Ses Moen igen book as ys ye een oat iby 8 
Prey BURLEY GU OLS te Ae haere en ON Speak Chee ae 
(ie TOBE GU ANIAYS).| Of) HFS Ree ae en RE Ar La ogee . 
Aipmachinie boliss axon stents sat ween ec eee Sees sale: 4 by 5 
PM Tbaenene OLS 4s tines h a NR TSS le es tho 4 by 64 
BAPE V COM Sees Men as wa eee bacco ste Seid bee 14 eye... $ by 8 
PSREVCDOLUS Se iie nice toc eta apa en aso te pin pee age #-inch.. % by 62 
12 gross 4-inch wrought washers. 
16 dozen 3-inch wrought washers. 
1,184 4-inch malleable wing nuts. 
456 23-inch malleable wing nuts. 
56 pieces 6 by 6 by 3-inch angle iron 4 inches long. 
700 pieces 4 by 4 by 4-inch angle iron 34 inches long. 
64 pieces 4 by 14-inch iron 14 inches long. 
200 pairs 6-inch tee hinges. 
6 deadlocks. 
6 door handles. 
1 door pull. 
35 pieces 3-inch round iron 12 feet long. 
64 32-inch tie rods, 1 foot 6 inches long, ?-inch eye. 
104 2-inch turnbuckles. 
2,100 2-inch No. 16 flathead wood screws. 
4 pairs butt hinges 3 by 3 inches. 
4 2-inch wire hooks and eyes. 
4 double-action hinges. 
160 feet 10-inch ridge roll. 
32% dozen 14-inch bright wire hooks and eyes. 
100 coach screws. 
1 keg 6-penny finishing nails. 
1 keg 4-penny common nails. 
1 keg 8-penny common nails. 
1 keg 10-penny common nails. 
Rofalicost/otshardwaretee es Seo: awe yee ee ae eae ORE $329. 22 
Miscellaneous: 
42 single sashes 38 inches by 42 inches.............-.-- shy & $54. 60 
96 screens with galvanized-wire mesh.......---.---.-..--.- 86. 65 
AO rollsrs-plymeady, TOOMMS. 5. $2.50 se) -Soactr actos onoe sido 96. 00 
NOs pounds)No: 9 flake clues 8.2.5 ik ee ea 13. 65 


Total cost miscellaneous materials....................-........ 250. 90 
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Paint: 
550 poundsi white lead ee 5.0 225 sce te I $37. 12 
1 barrel half and half oil...........-- Beers epee 2 ARs SR ae 34. 10 
30 pounds chrome yellow med. in oil...-.-.---.----------- 4, 20 
ROLL COST OE Palle 522: 2A Le OY Seen eek Oa Aree ae $75. 42 
Carpenter labor: 
iim esol /SHOp Tone nia is exes e serge cg tne ee a ere 59. 00 
TOE ACO LEITH ENTS SoseroO eeeeen eet em eens SR BS Seen ae ee ch Re aia ne ole 37. 45 
G75 davslat $2.00. p22 sh eh ne ey al ere ee ner ee 221. 25 
LONGER UE pant atater niet nip oh ete tn ERT AoE oY Re engi 6. 00 
Total cost of carpenter labor........--.------- rua eb bre ke tabas 319. 70 
Blacksmith and machinist labor: 
Addai cat BO Td geieth gto biteeses | Bienes hela iain Le Phar clef 12. 38 
BENGE TENTS aS UME a meso aan dan eee Reha cash Pte 13, 75 
AM GAYS Ot 2.205: occas ese ss oe NG ony US Neehed etee ne ois aber aes Dap 9. 00 
Total cost of blacksmith and machinist labor............---..-- 35. 13 
Painter labor: 
D2VGAVS Bb) PaLOO ace ere eile ya acs ee a nol eee ore erect mets cee 55. 00 
PMO AiG PAD eee rte Se eice casa erate ence ate iene ne eee 40. 00 
Totalicostiot paintenlabor--h2 past aie eeeee See aa eee 95. 00 
Total’ cost of buildings <5. stiest sates Set eh Aare eo at Fe noe 1, 598. 82 


The above is the cost of constructing the parts and units of the 
buildings. “The cost of assembling them and erecting the buildings 
at the camp site was as follows: 


86; -carpentersdaysiatig2 00 ber ese ae ence eetaasis vel ao ee ee $216. 25 
ZBiConVicl days Abul CONUS Is cme nce ee ie een ae sae cee el ee ee 21. 56 
237. 81 


If to these costs be added the cost of loading and hauling the sec- 
tions and parts from the county shops at the Bellwood Convict Bar- 
racks, where they were made, to the camp site, which was $76.87, 
the cost of the buildings erected may be summarized as follows: 


Costrolumaterialg es 2 est so cca neice ae aie coisa ere ie Seater tk $1, 148. 99 
Costioi labor(constniction or pants) meee see eee ee ee ee eee 449. 83 
CWostiolslordimevamG shah ese apts cae ene ey ee oie nee ee eine 76. 87 
Costror labor (erection) 2 2st She DOs er ee ee A a 237. 81 

Motalcostiof buildings erected =. 22522-2525 uae eee Cee eee 1, 913. 50 


Free labor was used in constructing and erecting because all con- 
victs were employed on other work from which they could not be 
spared. However, it is believed that the work could have been per- 
formed satisfactorily by selected convicts at a considerable saving. 
In view of the fact that the cost of the convict labor was only about 
77 cents per working day and the average wage paid to free labor 
was $2.40, it seems probable that the saving would have amounted 
to fully one-half the labor cost, or approximately $350, a reduction 
of about 18 per cent. 
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OTHER CAMP STRUCTURES AND FIXTURES. 


In addition to the portable buildings the full quarters equipment 
included two wall tents each 12 by 21 feet; one wall tent 12 by 16 
feet, all of 12-ounce duck; and miscellaneous fixtures, such as stove- 
pipe and shelving, and fire extinguishers for the protection of the 
property. Some of these were purchased after the opening of the 
camp. . 

As stated, the stable, harness shed, and blacksmith shop were 
constructed at the site of rough lumber and galvanized iron. They 
cost complete $150, but this is regarded as a charge against the work 
only. : 
: MOVING PORTABLE BUILDINGS. 


The structures were designed to combine strength, durability, 
convenience, sightliness, and portability; and to admit abundant 
light and air. It was hoped that they would meet satisfactorily the 
requirements of camps which are moved from one site to another at 
intervals of from 6 to 12 months, taking the place of the tent, the 
cheap shack, and the convict cage, none of which is entirely satisfac- 
tory. Therefore, the economy and convenience with which they were 
razed, transported to a new site, and reerected were among the most 
interesting developments of the experiment. 

The original plan was to move the camp to a new site immediately 
upon completion of the grading on the Powers Ferry Road. Conse- 
quently, early in July a site was prepared on Hemphill Avenue, 32 
miles from the first site. A road was cleared as an approach from 
the public road, a cesspool was excavated, posts were cut and set to 
line and elevation to receive the sills of the buildings, and a well was 
begun and almost completed when the commissioners decided to sur- 
face the Powers Ferry Road with top soil before leaving the first site. 
Shortly after this the convicts were transferred to the fairgrounds, 
and the top soiling was not completed until November 11. Moving 
of the quarters was begun on November 15. At that time the camp 
population was half depleted, and the quarters intended for the ac- 
commodation of 40 men were moved with a force of 23. This short- 
age of labor naturally resulted in a considerable increase in the time 
required to complete the moving. The facts that the working-day 
at that season was only eight hours long and that the first cold 
weather of the year was experienced during the week also served to 
prolong the time required, and the buildings were not completely 
erected at the new site until November 22, one week from the time 
the transfer was begun. However, an analysis of the costs of moving 
given in Table 1 shows the actual labor expended on the work was 
equivalent to only about 34 days of work with the full working force 
of 37 men. 
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Some damage and loss is inevitable in moving buildings of any 
sort a distance of 32 miles. That resulting from the transfer of these 
buildings was very slight. The total damage consisted of one broken 
tie rod, one broken rafter, one broken collar beam, and four broken 
window lights. The loss amounted to 190 board feet of lumber, 6 
gallons of roofing cement, 12 squares of 2-ply ready roofing, and 10 
pounds of roofing nails, the last three items resultmg from the neces- 
sary reconstruction of the roofing laps. The tie rod, rafter, and col- 
lar beam were repaired at the camp, and the cost is included in the 
labor cost. The other items are added to the labor cost in Table 1, 
which shows that the total expense of moving the four buildings was 
$191.70. 


TABLE 1.—Cost of moving portable buildings at the Fulton County, Ga., Experimental 
» Convict Camp. 


Setting foundation posts: 


PicarpentenGays, Ab b2.202 peor bane ee ere ain eae eerie: She a $4. 52 
Uteonwdet Gays, 1at 1 CONS. cco) see sere e ke ieee ae oe ese 10. 01 
$14. 53 
Razing buildings: f 
2} foreman days atihl 90.0% = cele Pee oe es eS ae 4.75 
DSOTEIMAMY GAYS eel D229 Ope = arcraysin to AO ene ere ae ea es le 5. 80 
S0e CONVACHIGAYS, ab (CONUS... _ - sepia Dae ee eyes ain ca ee 28. 10 
: 38. 6 
Loading and hauling buildings: : 
UA COMME L MAY Baby MCOULS sare oan ee oe eee ees 13. 48 
TAM beam Gays, sob il OU esas olan sn aye me Sete aie ee ea epee eras 27. 70 : 
41.18 
Erecting buildings: 
PTOTEMAN CSV S00 ple OO s oo ee ce eee ey eer are eee eee 3. 80 
Wiorentan day sat p29 Ue sae caine eee eae yee ee ee Ieee eters 2. 90 
( carpenter'days,abiba-00 S-see secs. semen oe see meter, seers 17.50 
ST GomVvach Gays ab: 77iCeMtS she SE Ste a tee ee ees ere 43. 89 
i 68. 09 
Damage and loss: 
Replacing 4 window. lights )2.224 -2--isse=- eee ecm eeiae 1.00 
190 feet b..m: dumber, at.$20 per Ms. 252522 83.c0 228. ae 3. 80 
6 gallons roofing cement, at 65 cents...--.---.---.-- eter Seee cee 3. 90 
12 squares ready roofing, at $1.55.........-------- Ek SE gem mores 18. 60 
i) pounds rooting nails, ‘at'6 Cents.< eee sees ee eee eee 
27.90 
otal cost of moving bmildimgs:27e ee ere eee eee eee 190. 35 


OTHER COSTS OF MOVING CAMP. 


The cost of $190.35, given above, represents the expense of moving 
the portable buildings only. The complete costs of moving the en- 
tire camp a distance of 3? miles, including 1 mile over a bad road, 
are given in Table 2. 


Bul. 583, U. S. Dept. of Agriculture. PLATE I. 


Fic. 1.—QUARTERS IN THE VIRGINIA CAMP. NO PROVISION FOR ADMISSION OF LIGHT 
OR AIR. 


Fia. 2.—PORTABLE QUARTERS OF THE GEORGIA CAMP. DESIGNED TO ADMIT ABUNDANT 
LIGHT AND AIR. 


Bul. 583, U. S. Dept. of Agriculture. PLATE II. 


a 


Fic. 2.—WaGON BEDS USED FOR MOVING CAMP AND SECTIONS OF BUILDINGS. 


Bul. 583, U. S. Dept. of Agriculture. PLATE III. 


Fic. 1.—MovinG EXPERIMENTAL CAMP. 


Fla. 2.—ERECTING BUILDINGS AFTER MOVING EXPERIMENTAL CAMP. 


Bul. 583, U. S. Dept. of Agriculture. PLATE IV. 


Fia. 2.—PUTTING ON ROOF STRIPS AFTER MOVING EXPERIMENTAL CAMP. 
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TABLE 2.—Complete cost of moving camp, Fulton County, Ga., Experimental Convict 


Camp. 

Mogimanmortamlexpulidinese eres te eee pam t sto ae eles eee ee $190. 35 
Movimneorher buraines and tents. 925 20h kok tok at ele SSS eee S 48. 03 
iprereaneiemne wa Wellness a) ne eid Sem penne ee ee Soke ee pee i 134, 11 
Rpxeaaya Lies COSSPOOl ss. -/. cee Neto cee 2 =o cece WEEE 2 ee 12. 08 
Sieamiaersice: and MMISCelAMEOUS. © oer e ela apie ay!) a a on wah Snes cis 39. 03 
Peeps A IGA ee me PI een ae ayer da ace eb ia de lage aye bis aks ~ aalaey seater dys 25. 00 
ler Fie pe ee ae ee DMPO YE Eh Se eb Oe PER 7.12 
Mile ameronavay tO Calms. 2ei io ee kL RAE Ree ee see 13. 37 

AR CONt Ole OW MAO CATING riare Sakic doer th wysiain. = poh ge cd pele wee a8 469. 09 


With the purpose of discovering how these structures compare in 
portability with structures of other types an engineer was assigned 
to observe the moying of a camp of 48 convicts at Washington, Va. 
The quarters in this camp were not of the so-called “‘portable”’ type, 
but were designed to be transferable readily from one site to another. 
As shown in Plate I, figures 1 and 2, they consisted simply of a gal- 
vanized-metal roof supported by posts set into the ground, the sides 
being inclosed only by curtains of cotton duck. It is evident that 
they are not as substantial nor do they afford as much shelter as the 
portable buildings used in the experimental camp. The comparative 
cost data on the moving of the two sets of structures, given in Table 3, 
therefore is of considerable interest, as it shows that in expenditure of 
labor the moving of the Virginia buildings was much more costly than 
the portable buildings, though the actual cash expenditure in each 
case was about the same on account of the lower wages paid to guards 
and foremen and the lower convict-maintenance cost in Virginia. 

In each case the camp was moved approximately 3? miles, including 
1 mile over a bad road. Weather conditions favored the Atianta 
operations to the extent that the transfer there was made in November 
when the working day contained 8 hours, and only one day of the 
seven over which the operations were extended was disagreeably 
cold, whereas the Virginia camp was moved in December when the 
length of the working day was only 7 hours, the temperature uncom- 
fortably low, and snow covered the ground throughout the week 
occupied by the moving. As the Virginia data cover the cost of 
moving only the camp buildings, the similar items on the cost 
of moving the Atlanta camp have been selected for comparison. 

5847°—18—Bull. 583——2 
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TaBLE 3.—Comparison of cost of movin. a portable buildings and Virginia FETIP 


buildings. 
Atlanta camp. Virginia camp. 
O : Convict F Convict 
peration. Actual cost. | qahor Operation. Actual cost. iapae 
Setting foundation posts: Days. | Setting posts: Days. 
2 carpenter days, at $2.26.| $4. 52 184 convict days, at 60 $11.10 18.5 
13 convict days, at 77 | 10.01 cents, 
cents, ———. $14. 53 13.0 
Razing buildings: Razing buildings: 
24 foreman days,at $1.90.| 4.75 84 convict ine at 60 50. 40 84. 0 
2 foreman days, at $2.90..| 5. 80 cents. 
364 convict days, at 77 | 28.10 
cents. ———_ 38.65 36.5 ; 3 
Loading and hauling build- Loading and hauling build- 
ings: ings: 
174 convict days, at 77 | 13.48 17 convict days, at 60 | $10. 20 
cents. cents. 
143 team days, at $1.91...) 27.70 17 team days, at $1.91...) 32. 47 
i——— 41.18 17.5 42. 67 17.0 
Erecting buildings: Erecting buildings: 
2 foreman days, at $1.90 .| 3.80 103 convict days, at 60 61. 80 103.0 
1 foreman day, at $2.90.| 2.90 cents. 
7 carpenter days, at $2.50.| 17. 50 
57 convict days, at 77 | 43.89 
cents. i——— 68.09 57.0 
Moving stable, barn, and offi- : Moving stable: 
cers’ tents: 7 team days, at $1.91....| 13.37 
1 foreman day, at $2.25..) 2.25 60 convict days, at 60 | 36.00 
2 foreman days, $1.90....| 3.80 cents. —— 49.37 60. 0 
1 blacksmith day, at $2.25] 2.25 
2 team days, at $1.91.. 38. 82° 
46 convict days, at 77 | 35.42 
cents, I———. 47.54 46.0 
Damage and loss: Damage and loss: 
Replacing4windowlights| 1.00 1,500 feet b. m. lumber; 18675222 2A: 
190 feet b. m. lumber, at | 3.80 at $12.50 per M. a 
$20 per M. 
6 gallons roodng cement, | 3.90 
at 65 cents. 
12 sduetes ready roofing, | 18. 60 
1.5. 
10 pounds roofing nails, at} -.60 
cents. ——— 27.90 }........ 
otales sao see 237.89 | 170.0 Total ves e ees 234. 09 282. 5 


1 Salaries of guards and foremen included in the maintenance cost of prisoners. 
DEPRECIATION OF PORTABLE BUILDINGS. 


It is impossible to forecast at this time what will be the life of the 
buildings. On July 10, 6 months after they were put into service, 
there was no noticeable depreciation. After their transfer to the 
new site, when they were more than 10 months old, the actual 
observable damage and loss amounted to less than 14 per cent of 
their value; it may be said safely that the total depreciation during 
the first year amounted to no more than 5 per cent. Itis to be ex- 
pected that this rate will increase each year during the economic life 
of the buildings, but what this rate will be can not be predicted. 
From present indications it seems entirely possible that their life 
may be as long as 8 years, but this figure probably is too great to 
use as a basis for estimating the economy of the buildings. It has 
been assumed for this purpose that the rate of depreciation will 
increase each year by an increment of 5 per cent, beginning with 5 
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per cent the first year. According to this assumption, which cer- 
tainly is sufficiently severe, the life of the buildings will be almost 
6 years; but to be still more conservative, the fraction has been 
dropped and the economic life has been taken at 5 years for all 
purposes of cost computation. 


COST OF QUARTERS ON ANNUAL BASIS. 


The total cost of all camp quarters up to July 10, the date of the 
first inventory, is given in Table 4. 


TABLE 4.—Total cost of all quarters at Fulton County, Ga., Experimental Convict Camp, 
from January 10 to July 10, 1916. 


Portable buildings erected..........-.--- Bea ic er BS eM eae ees RS ae ART $1, 913. 50 
Pry erica Dy 21 tect, walls'6 feet. ~ 2.285 Se eee 90. 84 
1 wall tent, 12 by 16 feet, walls 6 feet, with fly....-........2222.22.2.... 41. 25 
Miscellaneous fixtures, appliances, and additions............-......------ 193. 96 

oaibeast toulyhOest © Shot LS ee 228 oe See te 2, 239. 55 


In determining the per-capita per-day cost of the quarters it has 
been considered that the entire cost of erecting the quarters and 
loading and hauling them should be charged off in the period of 311 
days during which the camp occupied its first site, and a proportional 
amount has been allowed for the 183 days up to July 10. With this 
procedure in mind it is believed that the per-capita costs per day 
given in Table 5 will require no further explanation. 


~ TaBLE 5.—Cost of quarters per capita per calendar day for period January 10 to July 10, 


1916, Fulton County, Ga., Experimental Convict Camp. 


Depreciation of portable buildings at 20 per cent per year, original value 


SD, BUG ED sc 5a He OR aa IR aA oa NE i ied SITS IS 
Proportional cost of loading and hauling and erection=43} of 314.68........ 185. 17 
Depreciation of 12 by 16 foot tent and fly at 25 per cent per year, original 

value, $41.25.......... Se ON ae: Ree oo ees a fa ar i ae 5. 15 
Depreciation of two tents, each 12 by 21 feet, at 50 per cent per year, original 

wen, CHD A ee Eg ape en i eit alle cc nae ap ai Daal 
Interest on original investment of $2,045.90, at 6 per cent per year.......... 61. 38 
Depreciation of miscellaneous fixtures, appliances, and additions, estimated.. 12. 42 

Coxtzob quarters trom: Jan. 10 to July 100. 2252522 25-0. 3 446. 71 
Total number of convict calendar days from Jan. 10 to July 10, 1916........ 7,174 
Cost.of quarters per convict per calendar day.........-...--..:-.-------- $0. 0623 


THE WATER SUPPLY. 


The water supply at both sites was obtained from wells dug by 
the convicts. Both were dug through a micaceous clay soil for their 
entire depth. That at the first site was 51 feet deep by 64 feet in 
diameter and cost $39.90 to excavate. The second well was 494 feet 
deep by 7 feet in diameter and cost $43.31 for excavating, $76.46 
for a galvanized-iron casing 16 feet long, including the cost of hauling 
and placing, and $14.34 for a concrete curbing, or $134.11 in all. 
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The flow of the well at the first site was approximately 1,200 
gallons in 24 hours. The consumption of water for bathing, accord- 
ing to meter measurement, was 15 gallons per man per day. The 
consumption for other purposes, estimated, also was 15 gallons. The 
flow, as will be seen from these figures, was approximately equal to 
the demand on the bathing days. That there was actually no reserve 
flow was shown by the fact that when, for a short period in the 
spring, the stock was watered from the well instead of from the 
neighboring creek from which they customarily were supplied, the 
draft was much too heavy for the supply. 

An analysis of the water made by the health department of Atlanta 
about a month after the opening of the camp showed that the water 
contained 46 bacteria per cubic centimeter and no colon bacilli in 
10 cubic centimeters, indicating that the sanitary quality of the water 
was satisfactory. 

The water was piped from the well (Pl. V, fig. 1) to the sleeping 
quarters, to supply the water-closets and wash trough, to the showers 
in the bath tent (Pl. V, fig. 2), to the kitchen, and to three outside 
faucets. It was forced from the well to the faucets by air pressure 
operating in a pneumatic pump installed in the well. The air was 
supplied to the pump from an air tank of 100 cubic feet capacity, in 
which it was stored by means of an air compressor driven by a 
22-horsepower gasoline engine. The cost of the water-supply equip- 
ment is given in Table 6, below: 


TaBLE 6.—Cost of water-supply equipment. 


1-2 3ehorsepower Gasoline eloime ss areas eA mao een aa genre eee $62. 75 


LS pleet Sain chub elitim ee ao. eee se os wees ete St IA Sts Me oegteh oa) ys pepe 17. 28 
Second-hand outfit consisting of— 
Ipnenmaticyp unpre ease ee 
lair tank, 100 cubic feet capacity. | 
IAIN ICOMIPRESSOD s.r es ss ay egy eee loa ei 300. 00 
Pressure gages and fittings...-....- | 
(New value, $360.) 
EADY one ra ae) ay shat <i AR Ae Nee etna MPO SE PE PAN RR SE 5: ee 5. 10 
Mame spam dared sutras a.’ See acre ype Sane ear ae ect lh aa 45 
2 2rmchi standard "bend. 2200/20 ee SERIES GS BU pea ae reeeeens poy he . 70 
1 2-inch standard reducing Y, 2 by 4 by 4 inches....--..--...------+------ . 87 
20 2Finch standard) o. Hi spipece. sos aeee ays ses. tenets ee eey ate Matern eee eats 1. 60 
100 feet e-inch black pipe? 36/0 sii Se pee a eee ee ee ee 7. 87 
7OMeehilletmeh slacks sole, Lone sepsis ea) aera ea mae a pe 3. 40 
SOmeet tm chycallyami Zed lye ote ey acetates tea eo a aa 2. 51 
ipa simitbracketay: £2 oye ee a ee a rk ie re TELE. AEE ue . 30 
oulzim chy galvanized\standard ells: =: staat a iP eee ee ee ee . 56 
64-inch) palvanizedatandard ellsu.2 5. /a4. Se eee ye Pn eee ee . 48 
2 soinchyealyanized nipples... ).086 ae eee Olen a tie ates aes . 43 
8 #-inch galvanized jam nipples.....-- eh rey line ERY SU. ithe li let . 24 
iM inehgdobetvallve:<. 22/7 c eS WAS aaa es STEER D Ae SE 1. 00 


6:ld-indhblackveliy! fe 15: 0 Aah OG lye ates eer 54 
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Gai tae lan ty lac ketene mes te tee Ses BF PSS ERAN SEA, RE Oe I Es eas) lla $0. 60 
Gpletbyasinieh placleitedss 2ee SL ee Se 20s EN Es LU 30) S20 PX . 66 
Baleryed nen, plagk reducins iellsysstas 4 ork) Seo e hie Hess Pease Laced ee . 20 
Peli ineh: black teducmovellsaary fro05 seer Sk a a Sa aks .18 
4 1-inch black ells.-...--- SR REA een See en ee Spee nee ee . 30 
% TiSetetceiay lleva Spal | 0a ay oS epee ain | eae aed ane OF, sr aa el len i ieee aa . 84 
PelomehvnlackiG xd, tinionses* seas. Godse: Ba. de Bigs ae Soy Late ents . 60 
6z-imeh black Ge unions: ? 423.653.228.302.) epee See a. os 1.08 
Bae uae GIS ULCLG (CLIN tien ste ee meet Stee EO A Pe) Sara ee Ne m7, 
Bee ine nmiose Pius este. Soe. 2 ak Ce vey, JR ee hg Ey 4. 50 


Second-hand piping: 


30 feet 2-inch galvanized pipe 
45 feet $-inch galvanized re fe ee See a oe ONES ie ne ae ae 11. 65 
65 feet 1-inch galvanized pipe 
PRUE MLCT NACA LOLS ean to clic Pac nte See eee ee a we a Wr ee Sy 17. 00 
Pte reMlOnnOL- water tales: 27) 2ch2) Jt SES oe EI er kee ce oa 8.75 
oialcost water-supply equipment... J. --Jse Sete acei-est- ase eee 452. 61 


Once each day, except bathing days, the engine was operated from 
a half hour to one hour to charge the air tank with air at 100 pounds 
pressure. On bathing days it was necessary to recharge the tank 
immediately before the bathing began. With the tank charged a 
supply of water was always available at any of the faucets, as the 
opening of a faucet automatically set the pump to work. 

Four shower fixtures were provided in the bath tent, and water was 
heated for bathing by two heaters coupled in tandem, having a com- 
bined water-heating surface of 880 square inches, and a grate area 
of 127 square inches. A 40-gallon tank was installed for the storage 
of hot water. 

Table 7 shows the results of a test of the efficiency of the hot-water 


_ system. 


TABLE 7.—Results of a test of the hot-water system at the Fulton County, Ga., Experi- 
- mental Convict Camp. 
Heater dimensions: 


SURES AIG Os aa a ee ee eee emer 23 127 square inches. 
22 Sel IVE} CLS ag gh a IE Dll ep a 880 square inches. 
Temperatures: 
Besa wciiets: PSE 1 a8 a8) 2152.05 ee ee: 57° F. 
IBLE Wey Some Cie ae oe rr es er oh peepee eye nes 105° F. 
PUIG io A i Me NB 94° F. 
PAOUMMLOORS says pice que ce ee cig hc)a = aus Ae e ooo gate eee Das se 46° F, 
Time: 
MEISE ARLCCE ee: Shes MAE SALE ee TSS OR Se 3.30 p. m. 
Bathing started? (94.22. Jose! fh: pes Ly Bae 5.00 p. m. 
Bapathp tosh eGs. ech) hn oc pee rhs. myer eoeeyene 0 bbs 5.30 p. m. 
Fuel consumption: 
“GCS! ; {SERS Be Fee I, 8 ete ane ee eae RMR TP PRG eae 5 pounds. 
Cae ate ee ee oe ae ean e ue goer ese ees 32 pounds. 
Water consumption (metered), 80 cubic feet. ......-.--2-------- 600 gallons. 
Hot water remaining in tank at 5.30 p. m...-....-----.2..------ 20 gallons. 


Nianaper oi immates bathedens 222 25:2) ecld-ed---- seb sees 40 
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The water system at the first site was used for a period of 311 days. 
Charging off the entire cost of the well and the labor of installation 
in that time, and computing the cost of these two items in proportion 
to time the total and per capita costs of the water used during the 
first six months, or 183 days, of operation are given in Table 8. 


TaBLE 8.—Total and per capita cost of water supply from January 10 to July 10, 1916, 
Fulton County, Ga., Experimental Convict Camp. 


Proportion ‘of costiof welle2. ig 2528 oe ee eee ee oe ee ee aa $23. 48 
Depreciation of gasoline engine and belt................-----.-----------.-- 8. 03 
Depreciationiofair pump and-outht.2h5-ch2 Gs: Pe oe eee eee 25. 00 
Depreciation,of pipincand, fixtures... 55. 52.- 22 teases eee eee a eee 4. 93 
ihubricating oils 12 callonssat-40 cents: 5932-26-52 2- 4 ese ees ee tee eee 4. 80 
*Cupereise, 10 pounds. 2c 4cc 2c cee ens ee ae gee at eee cin meee . 87 
Gasclines LOteallons at 21 Cents came -e ee nae Shee eee Sure Laer 44.10 
Proportion ‘of costiotanstal lation 2. 34 22 2 ee es Pee ee 21. 64 
Total cost for six months. ......-.--.--.----- Cite Bae aE ate EL y UE Cale See a 122. 85 

Total number of convict calendar days from Jan. 10 to July 10, 1916...-.-.-.. 7, 174 
Cost of water supply per convict per calendar day...........--.------------ $0. 0171 


SEWAGE DISPOSAL. 


The plan of sewage disposal recommended by the Federal bureaus 
was that of sanitary privies for the temporary reception of the wastes, 
and ultimate shallow burial. Comparatively few convict camps are 
able to dispose of their sewage by means other than privies; but a 
truly sanitary privy is found rarely, and the method of its operation 
is not generally understood. The methods employed in the tempo- 
rary camps and those somewhat removed from the larger centers of 
population usually are particularly primitive and the sanitary con- 
ditions especially bad. It was hoped the demonstration at the 
experimental camp would be of most service to these classes of camps. 
But on account of past disagreeable experiences with poorly kept 
privies the county commissioners had decided to use flush toilets in 
all county camps, and deferring to their objection to the recom- 
mended method it was agreed to install flush toilets and a cesspool. 

The cesspool was excavated at a point 100 yards from the main 
camp buildings and well, at an elevation 25 feet below them and on a 
slope leading away from the camp. It was covered with boards 
over which several inches of earth was spread. As the location was 
sufficiently removed from dwellings and potable water supplies the 
pit was left unlined so that its contents might seep into the ground. 
Its dimensions were 12 feet in width, 20 feet in length, and 10 feet in 
depth; and into it were piped the wastes of the kitchen, lavatory, 
shower bath, and water-closets, amounting to fully 600 gallons per 
day. This large discharge was cared for successfully until the 1st 
day of June, when the pit was filled to overflowing. From that time 
until the convicts were transferred to the fair grounds there was a 
slight overflow every day. As the effluent flowed away from the camp 


SS 
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and the conditions were such that it endangered no water supply, as, 
moreover, the odor was scarcely perceptible, it was believed un- 
necessary to transfer to another pit. While the men were at the fair 
grounds the fluids disappeared completely and the same pit was used 
until the middle of November. The cost of the pit, including the 
laying of 300 feet of sewer tile, was $22.50. 

Three rim-flushed hoppers were placed in a corner of the sleeping 
quarters for the use of the men, and one was provided for the officers 
in a closet adjacent to the quarters building. The cost of these 
hoppers and the necessary piping was $62.83. The cost of the 
system for the first 6 months of operation and the per capita cost per 
day are shown in Table 9. In computing these costs the entire cost 
of the cesspool and the labor of installation have been charged off in 
311 days, the time the first site was occupied. The proportional costs 
for the first 183 days were figured at the rate thus indicated. 


TABLE 9.—Total per capita cost of sewage disposal from January 10 to July 10, 1916, 
Fulton County, Ga., Experimental Convict Camp. 


Ipreponional costal Cesspooken <2). pt wcet cates ames ten se nuee sales 54% $13. 06 
DEprecrationor hoppersiand pipme ss += Ft epee te spe sie ea ey eje c o's 20.93 
Prapemron oF cost Ot tmstallationy 22% 2. Fs. cee Se eto e ee ne ~o tse Se uae eee foe 

Harakeost fon Sika MONbNS is s6 sce. PSs as Socks oe «eos Seis ee 41,21 
Total number of convict calendar days from Jan. 10 to July 10, 1916......... 7, 174 
Cost of sewage disposal per calendar day.............-...---2-2----2---205- $0. 0057 


GARBAGE DISPOSAL. 


Prior to the opening of the experimental camp it was customary in 
the other camps of the county to collect the garbage in the kitchen in 
open pails and to dump it later into uncovered receptacles, usually of 
wood, at a short distance from the buildings. When a sufficient 
amount had accumulated in these it was fed to hogs, of which every 
camp had a number. Strong recommendations for a change in these 
methods were made by the sanitary officer representing the Public 
Health Service, but during the first month of operation the same 
methods were employed in the cooperative camp. About the middle 
of February covered metal receptacles were substituted for the open 
ones, and an incinerator of the barrel type ! made of field stone and 
clay was constructed for the destruction of the solid wastes. How- 
ever, though the conditions around the pigpen were most offensive at 
times, and though the representatives of the Federal bureaus did all 
in their power to have the hogs removed, their efforts were not 
successful until April 21, when the nuisance was abolished largely 
because the table waste had been so reduced that there was no longer 
enough to keep the hogs alive. From that date until the termination 
of the cooperative arrangement the waste was disposed of partly by 
incineration and partly by trading with a neighboring farmer for but- 


1 For description, see Bulletin No, 414, U. 8. Department of Agriculture, p. 103. 
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termilk and milk. When representatives of the Office of Public Roads 
returned to the county to observe the moving of the camp it was 
found that the hogs had been installed again, this time, however, in a 
pen somewhat more removed from the quarters than the first one. 
The results of this phase of the experiment, therefore, can not be 
considered as fully successful. 

The incinerator (Plate VI, fig. 2) was constructed by the representa- 
tive of the Public Health Service, assisted by the blacksmith’s helper, 
a convict, at a time when there was nothing else to do. The convict’s 
time had been charged to other work and no charge has been entered 
for the incinerator. As no other phase of the garbage disposal 
involved any tangible expense, this item has not been considered in 
determining the cost of the camp. 


CLOTHING. 


The clothing used was of the same character as that provided in 
the other camps of the county, and it was supphed in approximately 
the same amount. The accuracy of the records of the cost of this 
item of maintenance was impaired somewhat by the fact that the 
clothes sent to the laundry at the Bellwood Barracks were not 
always returned. In a number of instances the condition of the gar- 
ments which were returned was far below that of those sent. In other 
cases it is possible that the exchange was advantageous. No estimate 
can be made of the loss or gain due to this cause, but it is considered 
that the net result probably was a loss to the experimental camp. 
The records and inventories made at the camp, however, were made 
with judgment and care, and the results are given in Table 10, which 
also includes a statement of the per capita costs. 


TaBLeE 19.—Inventory and per capita cost of clothing, Fulton County, Ga., Experimental 
Convict Camp (1916). 


Value of - 
items ven- Cost per 
Number p 
: pur- tory ‘ot| Convict 
Ttem. wait chased or| value value pheamnict per 
. acquired | July 10, . a: ealendar 
first 6 | 1916. aS day. 
months. 
Dantas ete eee eee dozen..| $11.25 | $154.25 | $108.00] $46.25] 7,174] 0.0064 
(ChE oso nbacnesosssoeeDosdees55—0r do...- 18.00 37.00 33.00 4.00 7,174 . 0006 
SUiGEh a oageER eT eRRAaEe eee pairs... 2.00} 120.00} 52.00] 68.00] 7,174 0096 
Undershirtes:.. 0000... 2bo.- dozen..|{ 7'gg |} 14.88] 9.63] 5.25] 7,174 | .0007 
Daraw erste ital. weer fu do... { Aa | 1.22] 23.40] 7,174 0032 
Soleileathersneasece-is-6 soe ce aise pounds... -43 9.89 3.01 6.88 7,174 . 0009 
Sockstenn eo reat 8 pairs. . .07 3.68 -70 2.98| 7,174 0004 
Nightshirtste 2S ACSA Gat dozen 8-50 | 50.38 4.09] 46.29] 7,174 0064 
Shingesteiert sik ad ely per pu aa do 7-25 \\ 107.67 | 28.49| 79.18 | 7,174 0110 
Milleoatai ssh ae Phe eno Ne a) do 25.00} 12.50 6.25 6.25 | 7,174 0009 
Gaps Gee Ce Oe SR ee do 3 5 50 tetra es 5.50| 73174 0008 
Mirsada eae nae Mae an a do 50 TES Eh Sar cea 2 1613 dl eosaee S74 0002 
WowelSvescecenscoces ce eee eee sccees do 50 SEO" | oer ae 80 7,174 0001 
Motalivegacnc: aos eure tc, 5508 eee 542.30 | 246.39] 295.91 | 7,174 0412 
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Fic. 1.—AIR TANK AND WELL, EXPERIMENTAL CAMP. 


Fic. 2.—BATH TENT IN REAR OF QUARTERS, EXPERIMENTAL CAMP. 
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Fia. 2.—INCINERATOR, EXPERIMENTAL CAMP. 
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Fia. 1.—INTERIOR OF QUARTERS, EXPERIMENTAL CAMP, SHOWING DouBLE-DECK IRON 
BEDs. 


seam 


ee, 


Fia. 2.—INTERIOR OF DINING ROOM, EXPERIMENTAL CAMP. 
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LAUNDRY. 


All laundering was done at the Bellwood Barracks, where a laundry 
was provided to which was sent clothing from all the county camps. 
Once each week the laundry truck called for and delivered the camp 
wash. The method was a good one from a sanitary standpoint, but 
it is doubtful whether it resulted in true economy; and, as has been 
stated, its effect on the cost records kept at the experimental camp 
was to render their accuracy somewhat doubtful. 

The value of the laundry buildings and equipment was estimated 
at $3,609.76. The plant was operated by a laundry engineer whose 
salary was $60 per month, assisted by four convicts at $0.77 per 
working day. The expense for soap during the first six months’ 
operation of the experimental camp was $72; for oils and grease, $36 
and for coal, $397.44. The value of the laundry truck was $900, and 
depreciation was estimated at the rate of 33.33 per cent per year for 
the period from January 10 to July 10. The salary of the chauffeur 
was $60 per month; and gasoline, oils, and repairs for the machine 
amounted to $180 for the period of six months. The total costs of 
the laundry and the costs per convict per day are summarized in 
Table 11. 


TaBLE 11.—Total and per capita costs of laundry, Fulton County, Ga., Experimental 


Convict Camp (1916). 
Cost for 6 months, 
all camps. 


Interest on buildings and equipment, value $3,609.76 at 6 per cent per year. $108. 29 
Depreciation of buildings and equipment estimated at 10 per cent per year. 180. 49 


Interest on laundry truck, value $900, at 6 per cent per year............. 27. 00 
Depreciation of laundry truck estimated at 33.33 per cent per year......... 150. 00 
emu Lee MS SSAA Vista po oie. ihe ciate eed ata eta fete tones aL UE See EN 360. 00 
Gasoline, oil, grease, and repairs to truck. .........-------------0-0-2-22 180. 00 
MU ey CHOUREeE S SALATY . A/c... ato 'wio Sse tie oie wie oie cee Cee PET Ae 360. 00 
Supa iaumdrny. material 3.0.0... wees eet tee HEE BE OO: 72. 00 
Oil waste etc. tor laundry machinery - 0/7224. 28! Rae ee 36. 00 
Mame sor tOMS Ati S2, OO ont j- ce oe a aw oe tes od EN Seek UD 397. 44 
ME CHINACINIADO sr) <2) a= =~ '5 arose hain ee oe ee ROE POLE SOL A 450. 00 

Total cost of laundry for all camps, six months. ........---.......-- 2 oo 22 
Ratio of population of experimental camp to total county population...... . 07 
oral costof laundry for experimental camp. .2-.22222-.502.---.- 2+. 5-2 $162. 49 
Total number of convict calendar days from Jan. 10 to July 10, 1916....... 7, 174 


Cost of laundry per convict per calendar day............-----..-------+--- $0. 0226 


FURNITURE AND EQUIPMENT. 


The beds and mess tables (see Pl. VII and detached appendix 
plate) used in the camp represent a distinct advance in point of con- 
venience, suitability, and sanitary qualities over those in use in the 
large majority of camps in the State and county. 

Beds.—The beds were double-decked cots constructed of steel 
angles, and were provided with a wire-link fabric attached to the 
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frame by means of helical wire springs to support the mattress. 
Upper and lower cots were 64 feet in length and 24 feet in width. 
The lower frame was 18 inches from the floor and the upper one was 
24 feet above the lower. The metal frames were coated with alumi- 
num paint and the wire fabric was galvanized to prevent rusting. 
Each double-deck cot cost $5.03 f. o. b. Atlanta. 

Ticks filled with straw served for mattresses with very satisfactory 
results in point of cleanliness and comfort. It is believed that mat- 
tresses of this kind are more suitable for convict camps than the 
more espensive hair and cotton mattresses. The rest of the sleeping 
equipment consisted of an allowance of one straw-filled pillow tick, 
two pillow slips, four sheets of unbleached muslin, and three or four 
blankets for each convict. 

Mess tables—The mess tables with combined benches were con- 
structed by the county’s carpenters at the Bellwood Barracks 
according to plans supplied by the Office of Public Roads and Rural 
Engineering, and published in Bulletin No. 414 of the United States 
Department of Agriculture. (See detached appendix plate.) Six of 
these tables were constructed for the camp and, in the interest of 
neatness, white oil cloth was provided as a covering. The total cost 
of labor and materials for the tables was $20.15 and for the oil cloth, 
$5.85. A complete list of the furniture and equipment purchased 
from January 10 to July 10 is given in Table 12, which also shows 
the unit cost and estimated depreciation of each antele 


TasLe 12.—List of furniture and equipment purchased from January 10 to July 10, 
1916, Fulton County, Ga., Experimental Convict Camp. 


Depreciation. 
iS pwall lamps at vocentseanch aoe oo eee is os eee eae $0. 72 
6 lanterns at $4 per dozen... a.) 2 ge ee eee alee Gena Pal as .70 
j lanterns at’ $4.50 per dozen. 322272 2222-2: fee ee heee cee s Ieee: 6 eee “7h 
2, sisal glass lamps /at'/20'centsieach. - 3222 25--c22 2 Sees eee ee 15 
20 wall-lamp globes at 75 cents per dozen... ssc Fase set eel ao) ee eee 45 
241antern globes at 50 cents per. dozen... 22.2.2. 5--- 2222222 ee See Pe eee . 50 
p lamp chimneys at.o0 cents, per dozen. | ssa. see ec: ee ee eee eee e21 
17 10-quart galvanized buckets at $3.90 per dozen.....-.--.....---------.-- 4,25 
4 2 bys boob eingle: cots at $6:00 Cxcli= ees sess. ote eee 2 ee 2.00 
23 double-deck cots at) $5.03 each. oe sap eee ee eee 25.15 
6 cotton mattresses ‘at $3.75 each... 5225. Be ee eee eee ee 2.00 
2AD bed sheets at,2/ cents each. a4 ce ee a ee ee ee 9.04 
GiLprllow slipsiat 1/+icents cache aos oo lee ee es eee 2.15 
ZlAiblankets:at 874 Cents each s5 2 sees re ee Ne ene on eee ee eee 80. 72 
50 blankets at 95 cents eachs iver n es. Ws TEs ee ee: 23. 95 
(amillow ticks at 18 cents each soy. seinem tect oles ee rec ae pees 9.65 
50 mattress ticks at 72 cents each......- pte Paneer ner tea nts oat as 5. 04 
1,000 pounds straw for ticks at $11 per ton. ......---..-.-- POOLE OE SSE. : 5. 50 
6 combined mess tables and benches at $3.36 each... .......-----.-------:- 1.95 
3 rolls oil cloth (for tables) at $1.95 each.....152 1.2/4... -s42225-25-2--4- dene: 4.39 


LO armchairs at PUGachy. c-sis cos cere eee ee oie eee ee 2.00 
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Depreciation. 

Meee -LOPROC abies ns se a a ok eo ee ea oe $0. 25 
BMPS EOMCS IAS MCA C Ma oe 8 a oN ee Oe as can og IGE} 
PEE OMS Ata gp PCE MOLE Wisi) da) aS oe oar a ae ee ge a ee edit . 00 
MRE RALCMOUCE PADS AinPOs sO. aa es cies oe seas oe aoe ns sist ole ate ates 3.93 
mealions disintectant at 45: cents per gallon --. .-_ 25.2.2) 0.222... ee 2.25 
Us ELAS ar SCN ICH ge IM SE M8 Sea a ees a eer ea 50 
LL | SEITE Gh CEs AS FS oy a WU YEISTC7) (ENE cot yn eae ea 25 
PALOOINSIAL 1200 DOU COZCM artes Somes eset ue hig oe sie oko ee Se 1.20 
BEMIS ALAS OULDCT AOZCH ecto e a eis sles eee dooce oe he ae oe 1.34 
100 feet 4-inch garden hose at $8.50......-.- Faas OY phe SP ae 1.25 
60 pounds screen wire (for fly traps) at 24 cents per pound....-.......--.--- 1.50 
4 packages tacks (for fly traps) at 24 cents per package................---.-- .10 
PeMCESMV DADC! aby 2, COWS, CACR = oo in oe gee ee ieee eee es eke . 50 
Mee niece ene ip bo Sar ens eh ecalacieeielee eases = aon a bie 5 rere open m siatel aie 38 
IER AECECAMN AL BOC sc eit aes ols, ate aycla.n wiesalaiaye kee Ho GS So wang eins Regen ah wrees eb . 82 
Rotal depreciation in: 6 months. 22.2.2... 222. = 2. SO 209.17 


As the total number of convict calendar days from January 10 to 
July 10 was 7,174, the cost of furniture and equipment per convict 
per calendar day was $0.0291. 


KITCHEN AND MESS EQUIPMENT. 


Table 13 gives a complete list of all kitchen and mess equipment 
used in the camp, the general character of the equipment being indi- 
cated by the unit costs which are attached to each article. A state- 
ment of the depreciation of each article during the period from Jan- 
uary 10 to July 10, 1916, also is given: 


TaBLE 13.—List of kitchen and mess equipment purchased from January 10 to July 10, 
1916, Fulton County, Ga., Experimental Convict Camp. 


Depreciation. 
22°ehina'dinner plates at'$1,50'per dozen. ....0..-2.2. 62.620 5.02) 2s. ee ee eee $0. 77 
hivehinaieupsiati/o cents per dozens <j 2-.5 9263 3. Sqecr. sobs cere coe bk ech nee 05 
10 china saucers at 75 cents per dozen......-.....- Se TAs Mier DS eee Meets ohare ye reals 
Paamiatcniat A conte per dozen.) 260 ess oe ee ee ie os yn egeien «= . 26 
Peimcratiod CCULS Per GOZCM..2..-22.0--- 222s soe ne ccs ee aie said ence a 08 
30 forks at 30 Cents per dozen-.:.-.---....-222.- A $00 AS AEDS IO AO eh . 76 
ZeteAspoons.at LOicentissper GoOZzen 4 Me NEh. ee et koe oh UL ces | 16 
22 tablespoons at 20 cents per dozen.....-----.---- pe epee ys BN ae eee oe ee Fed 23 
pete cdiplates\at.61-50; per, dozen . (2 Pie Fe ee hie ee a sees jel sie eb eee 
Pn p mae pA abyLOICCnLS per GOzZeN).. 25.45 225e 522042060 yee eee esee es 41 
21 two-quart dinner buckets at 54 cents per dozen............-..-...-.-----. - 20 
15 four-quart dinner buckets at. $2.20 per dozen........-.------.-------+---- 1.50 
3 three-quart dinner buckets at 80 cents per dozen..........-....----2.------ 10 
6 sirup pitchers at 20 cents each......-...---- Mi Zee S AD cou snc ed wpyslhes SLOSS. 
PUMAL POIs at oo CCULS CACKe oo 8. 2b os a 2 eos Re eote DE IS oe eet -62 
Pabrec-eallon, tin-coftee pots.at $1.20... 0... 22 62 ene eee otaus 29 sesh oe 1.45 
1 two-gallon enamel coffee pot at 95 cents. ........----.------2------------- .37 
Aave-couon milkiears.at $1.90... 2 22-5. De ie ek ast Beis ages 00 
MuaDGt ChOmNOnS) ai po-OU sc 2 2 ee Re ee ee es 09 
1 stock pot (5 gallons) at $5...... 1. teh soos) oe gh webyslean to bycces Fe zeacdretscis 1.25 


wearer pot (iO) callons-/old)a2) 0.222. = 2... ee VR BED MAIS Hat Fo 2s es\atere 7d 
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5 Depreciation. 

2 bread pans (12 by 24 inch, sheet iron) at $1.50 each..........-...-.......-. $1. 25 
2 bread pans (24 by 24 inch, sheet iron) at $1.75 each........................ . 20 
4 cooking spoons at 20 cents each...........---.-..--- BPN WER IN A, Sidhe ere hs 45 
Pade AtiSo CONUS aire ccc serine tye cists aie are apelin te ag crac eee eet oe a en pee 12 
2, COOKING LOVES at LU CETUS AC MN mea ee aes letra cies seta ra ear e pee eye 18 
2 iron frying pans, 12 inches in diameter, at 35 cents each.................... aD 
1 iron frying pan, 10 inches in diameter, at 25 cents....-.....--.....-....... 07 
ivenamel stew.pani(leallon) atpl. 26. 554: aaassea oh. 6 2 eh eee a aes eye 1.20 
1 kitchen range (second hand, $25).....--..--. De ce oat ool ee gece eae 1.00 
4 dish pans, 18 inches diameter, at $1.50 each.................-------------- ao 
lMenamel Gish ypans'at/Oicents each: 252... sees tn ee ee eee .o2 
38 cans potash at 54 cents each. .....-...-- Sh ak ces cine See anon: SENee eee 2.09 
102 bars brown soap at 2? cents per bar......22....---.--22-0--212-..2.-2--- 1.48 
(sone-halijpushelimeasure\atoOicen ts22e- 8s -cce ee ee oe eee oe ee . 30 
1 pint measure at 25 cents............ aes Sc = ere A IONS eg any ee ah aly 
di quart measnre af 25\Cente. 252.5. 22s!2ss: 2. ee GRE 8-92 gecitacen wert fad oe 
ilone-haltcallon;measure at 40; cents. tans sta See me eee en ee ees ee 
6 galvanized buckets at 43% cents each. - 0.0.22 22.2.2 222202 ee 2 
emieat Miners s: 22g See hE, eS Ee, SR) OES se Vey, CAR Pe 
PAM Cai SAW: Sssin%5' ree eiBieicteraisa fee tkyeie ns oie phage art ethotre Sees PIE ESD i es ea Ee eee 
Total depreciation amsGenonbhss ee Age sea epee oe fo A 2 DAL 99 


The cost of this item for each of the 7,174 convict calendar days of 
the first 6 months of operation was therefore $0.0030. 


> "FUEL AND LIGHT. 


The camp was heated by means of five wood stoves, there being 
two in the sleeping quarters, two in the mess room, and one in the 
office building. The fuel for these stoves was the wood cut from the 
right of way, and as it was cut and prepared by the convicts it does 
not enter as an item into the cost of maintenance. The amount used 
during the first 6 months was approximately 80 cords. 

Light was furnished by kerosene lamps, which were filled and 
cleaned daily by a member of the camp force. During the first 6 
months of operation 4704 gallons of kerosene were used, which, at the 
price of 114 cents per gallon, amounted to $54.10. 

Table 14 gives the complete costs of fuel and light chargeable to the 
maintenance of convicts and also the cost per man per calendar day. 


TABLE 14.—Costs of fuel and light from January 10 to July 10, 1916, Fulton County, 
Ga., Experimental Convict Camp. 


470.5 gallons kerosene, at 114 cents per gallon...........- aa WS Js. etehedte $54. 10 
Gisearchlights, at.$1-535 per light. .5...2.2...525..,.--.. ae stess 2 Jee 9.21 
9'dozen boxes matches << 4:25- 2:56 -25-- os 222 AS Se IS eE oes Se eae 80 

Total cost from) Jan..10 to, July 10-2 5. -- -- 08: 5S te ana See eee 64.11 
Total number of convict calendar days from Jan. 10 to July 10........-...-- 7, 174 


Cost: per-conviet per‘ealendar day... .....<. 22222222 --- 4d tees eee EY Sse $0. 0089 
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SUBSISTENCE. 


Food was provided and served to the convicts in accordance with 
eight diet tables designed by the United States Public Health Serv- 
ice. These tables, 15 to 22, inclusive, were so arranged as to provide 
a Maximum amount of nourishment at a minimum cost. 


TABLE 15.—Diet without fresh meat. 


=e A Carbo- 
Foodstuff. Weight. | Proteins.| Fats. hydrates. 
Ounces. | Ounces. | Ounces. | Ounces. 

White flour (or Graham or whole-wheat flour)......--.-.....-- 8 1.064 0.120 5.816 

METI es emia meme Wits eben a oaten sere bode cleicle Stee eis e's 8 736 Ey) 6.032 

IGT y(OLOALINCAL) Jetoe oe cin 2 ot ee aay cierto celordiw ana ann| 2 166 -012 1.580 

FS TP EP 08) 0 cS ee Daystar AIA rae 8 592 Dery) |esoeeasoce 

ID intel GS. oe g ene Gate Se Rese ee ae ene ee =e eee i 984 - 040 2.480 

: 16 288 -016 2.350 

1 014 - 003 -089 

3 776 1.010 -072 

1.3 O24: |: eee - 933 

O25 daecctect $a). seeed ee - 900 

Aa trae teers LUD ssence se 

DPN cba ned AE. 2ST? 1.400 

‘ Doe beh toe Fk a 2 eS oe well eee ces 

03 350: Se Ie | | et | [ae cae 
’ 

f 57.2 4.647 8.673 21.252 

IE A GTICS ee ee cea cae ste eau REEL MeR SUNN eee! 527 2, 213 2, 410 


4 Nutritive ratio, 1:9.J. 


Breakfast : 
White or Graham biscuit. 
Hominy grits (boiled or fried). 
Fried salt pork, 3 ounces. 
Molasses, 2 ounces. 
Sugar, one-half ounce with coffee. 
3 Coffee, two-fifths ounce. 
| Dinner: 
Stewed peas. 
Corn bread. 
Salt fat pork, 4 ounces (stewed with peas). 
Supper: 
Potatoes, 16 ounces. 
Onions, 1 ounce. 
Vinegar, lounce. Potato salad. 
Water, 1 ounce. 
Bacon, 1 ounce. 
4 Cheese, 3 ounces. 
t Stewed fruit. 
White or Graham biscuit. 
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TABLE 16.—Dviet without fresh meat. 


“ Pro- Carbo- 
Foodstuff. Weight. Horas Fats. hydrates. 
Ounces. | Ounces. | Ounces. | Ounces. 
White flour (or Graham or whole-wheat flour) .............---- 8 1. 064 0.120 5.816 
Cornea ee ree ae eens Ses os ce eee nce se ae oo ee 8 . 736 . 152 6.032 
Oatmeall(orhhominy grits) ahaees- see es ceee eee eee eee 2 322 144 1.350 
Dried Peasss-sos-he se snc ceeees bias aeseeneenasnsteeceicstscsce 4 984 . 040 2.480 
Salt fat pork (plates, backs, bellies, etc.)..........-..--.-------- 8 592 DIOQON eacsaaee 
POLALOOS Baise ot cee Selodececeabeesasraeeacatceeuiameb aan eaee cree 12 216 - 012 1.764 
(Omit hss oes aokbS o seer saan ACREGboesdone sap esreneseecuameDDaSs 1 014 - 003 089 
Saltiish!(herringymackerel) 22 32 ea ae oe ne eee ne 5 1.025 e440 gees eee 
IDTICGUNU Geeece cise orem eee Ser ee cic alse cine Dayne Semone | 1.3 O27elboseceeeee - 933 
SUWILGIE s co Ab aseode sab sec bs sSe noes gsasedaseoensseseesesecentaacec Ou Blatcosecaed||sobodHocds -500 
noite ei eee Se eS SS SoG ee eee aoe ebtcd Aas er OeeCsseom em etomae P Neel) Pate ieee eared 230003 Geeta 
IMOISSSOSEy na eee Bec en ee eee Soh ere e ee eee eine lan eyeocte ie Ne yee ios yale ite Se eters 1.400 
COMO: 3) Set Be he oR ecicna men on aaeke 74s pee 2s yeas Bey alee eee 
SOLIS Aero Brien ME ah PTS ae Coe eer eee 54.2 4.980 8.231 20. 364 
CalOniGSBiA. :.c2t eee eae oR Sonos eee saceebereeeceeser eee 565 2,100 2,309 
Nutritive ratio, 1:8.2. 
Breakfast: 
White or Graham biscuit. 
Oatmeal, mush, or grits. 
Fried pork, 4 ounces. 
Sirup, 2 ounces. 
Sugar, one-half ounce, with coffee. 
Coffee (1 cup), two-fifths ounce. 4 
Dinner: 
Corn bread (from corn meal), 8 ounces. 
Stewéd peas (from dried peas), 4 ounces. 
Boiled salt pork, 4 ounces (boiled with peas). = 


Supper: 
Broiled salt fish. 
Lyonnaise potatoes. 
Stewed fruit. 
White or Graham biscuit. 


TaBLE 17.—Diet without fresh meat. 


Foodstuff. 


White flour (or Graham or whole-wheat flour)..............-.- 
Gornimenlls coast Psa eadie = sees e eee eee ee ee ee 
Condensedinmil ker. se eee ae see ek oe a Claes ee es ary eee 


Salt fish... .- 
Dried fruit 


SOLIDS ei eis ches Sistah he ela ey ae OTC a lea en ne aR 


: Pro- : Carbo- 
Weight. Leino: Fats. hydrates. 
Ounces. | Ounces. | Ounces. | Ounces. 

8 1.164 0.120 5. 816 
4 368 -076 3.016 
1 096 . 093 112 
1 012 oa0ulc seteoeee 
2 160 . 006 1.580 
1 014 . 003 089 

24 432 024 3.528 

3 776 1.010 072 
4 524 Si2h eso 
5 1.025 AAO See 
533 ODTHlEamatenaae - 933 
ORS aR Eas SS ae are - 500 
Diet | Sea oan eee 250003 | saceer ee 
Die Nata iseet cre ec wee lanatat eve 1.400 
AH reas ies Sieial Sieeead SAS | 

59.2 4.598 4.974 17. 046 

Se yeas ce 522 1, 269 1, 933 


Nutritive ratio, 1:6.1. 
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Breakfast: 
Corn-meal mush (from 4 ounces corn meal), 
Fried potatoes, 8 ounces. 
White or Graham biscuits. 
Molasses, 4 ounces. 
Sugar, one-half ounce, with coffee. 
Coffee (1 cup), two-fifths ounce. 
Dinner: 
Cheese, 3 ounces, 
Fried eggs (2) 
Fried rice and onions. 
Supper: 
Broiled salt fish. 
Potatoes, mashed, 16 ounces. 
Stewed fruit. 
White or Graham biscuits. 


}with bread, as sandwiches. 


TABLE 18.—Dvet without fresh meat. 


dl 


ras F Carbo- 
Foodstuff. Weight. | Proteins.| Fats. hydrates. 

p : Ounces. | Ounces. | Ounces. | Ounces. 
White flour (or Graham or whole-wheat flour)...............--- 8 1, 064 0. 120 5. 816 
OGM GA eee ey ec ss cose sas Succlse ne sak one sescmceleseoeeeee 8 - 736 - 152 6. 032 
IS aay (EGET E onc Se Ie MO ee aN naar rene Pea el ore 4 - 900 - 072 2. 384 
SHEED TEU, [OGLeIEGS eles Fear ot rg toy ea 8 592 $8320) 5 bee ae 
EREEX CA TRI ie Pe wc re DE Tne ee ees Sad eee om 2.4 322 - 022 1. 778 
ICRECSOMMMRE eer sere Suisun Se ee len oho ee lee Gu eeu tecmaw os lo 388 - 505 . 036 
Cabbage, turnips, other fresh vegetables. ........-....-.--.----- 12 168 . 024 576 
LD SEE THD  O  e oeeee e  n aaerer ces 1.3 O27 | te ee: - 933 
SITET 3 = SSC CO CUE BCE aE Sa CC Ce es eae enn (OSS Ss ee Seana erie aaa - 500 
EEE a hia anata ahs hae tesalt senareesees bicemese hel Begs Eee 25000) ee ssnecene 
NIOLASS OSH er ei ooo icles hoes seen mee ae sinus ceilecapee esis Dic eens ays tials ce Slain 1. 400 
IC OMGCORM Sete rasae sans sec oed chose seedacetaeceiewsniaceseoucieees QRAA cae tae o ae ceettsle aera 
SS LTS pan merrier antes oleic 5) ny ais af adeeb EIS Eee DOeat 4,197 8. 215 19. 455 
@alOM Spee se tae an oe einte ces hes eee aagdoe eanne lls s gad qetee 476 2,096 2, 206 


Nutritive ratio, 1:9.5. 
Breakfast : 
Hot wheat cakes. 
Fried pork, 4 ounces. 
Molasses, 2 ounces. 
Sugar, one-half ounce, with coffee. 
Coffee (1 cup), two-fifths ounce. 
Dinner: 
Baked beans, 4 ounces. 
Salt fat pork, 4 ounces, baked with beans. 
Corn bread (from 8 ounces corn meal). 
Supper: 
Baked macaroni and cheese. 
Cabbage, or turnip, or other vegetable, 12 ounces. 
Stewed fruit. 
White or Graham biscuit. 
Serve pickles with beans and vinegar with cabbage. 
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TABLE 19.—Diet with fresh meat. 
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Carbo- 
hydrates. 


Ounces, 


Carbohy- 
drates. 


Ounces. 


Foodstuff. Weight. | Proteins.! Fats. 
Ounces. | Ounces. | Ounces. 
iHreshimeat (as purchased) been: seeeee eee soe -emeee eee 14 2. 000 1.320 
White flour (or Graham or whole-wheat flour).............--.-- 16 2.128 . 240 
RICOH oe eee eee Hee tins aamcea- oes eigen ele seein ee eerne 2 . 160 - 006 
Hominy oavmeal oricormimeal eases sens ees2hoa- reese eee 2 - 166 - 012 
IPOLATOGS est oy ses Se OER Soles ions ee eee PERL eto 16 - 288 - 016 
ARGS! FA sa eces Sees ee ae eneiee acct ese ee tee eee een een 1 - 009 - 001 
Carnolssosr case bake tee eee ae lacs ae POR Oe EERE Cee Leer 1 - 009 . 002 
ONIONS! tee eat ae ere sae Se Ss bise ened othiseeeeteececwasetee 3 - 042 . 009 
Salislataponkeseea sre ec aces eee rie ee eere creer neeaeeeee 4 . 296 2. 660 
ID) s(t Lia rgb Ot ree gee ee Ene aed ote Poel Ga ee eerie ae Sat 1.3 OZ Mecice hee 
SUSAT Saas Sacre eter See ere ee ee wieiaeee eae epic meneman ceciemetts OLS iectee esse sesceeee 
GAR ESS eal Salen EOE DEES IES OO RE EE RE PER ERRORS QT | bers ea ak a 2. 000 
IMOIASSES ye oat co se ek mee ee esis ane Map amim eels Eee pees 77) pe || hes ca aN abel ae 
Cofiee es. fete vee cea oe Seeern ee cee ae ole Mie nai taeeven ie tiers eye aes Os heey 
PSION L(G Fey MAR INO eS its 8, ave im len ornare ies rae ye a Ela See ee mrss D 65. 2 5. 125 6. 266 
C@aloriesset Assess ae cists aie Satine slates ee easier wiciete eke (a ge 581 1,599 
Nutritive ratio, 1:7. 
Breakiast : 
Hominy, oatmeal, or corn-meal mush (from 2 ounces meal). 
Fried salt pork, 4 ounces. 
White or Graham bread or biscuit. 
Molasses, 2 ounces. 
Sugar, one-half ounce with coffee. 
Coffee, two-fifths ounce. 
Dinner: 
Meat stew: 
14 ounces meat. 
16 ounces potato. 
1 ounce turnips. 
1 ounce carrots. 
1 ounce onions. 
White or Graham bread or biscuit. 
Supper: 
Boiled rice (from 2 ounces rice). 
White or Graham bread or biscuit. 
Stewed fruit. 
TABLE 20.—Diet without fresh meat. 
Foodstuff. Weight. | Proteins.| Fats. 
Ounces. | Ounces. | Ounces. 
White flour (or Graham or whole-wheat flour).....-.....--.--- 8 1. 064 0. 120 
Cornimeales see saeamecchis ase seers ceiae esis eiemintrise eck Cerne 8 . 736 a Gy 
Salt fat pork (plates, backs, bellies, etc.).......-..--..--------- 8 . 592 5. 320 
ING WiyeDGAnSt ii tesmcrn ce sae tele eeece ciel a homer ee see eon 4 - 900 - 072 
Potatoes: (inishvorisweeh)eecs sere caaae cee sere ea eeeee eee 16 - 288 . 016 
alt COMMS ee eis e nero sins = ee EEStor CoE ee ee ree ae 5 - 950 - 020 
TDA sYG Wii qb eee t pee tee ae eae aia ze er a aS aE a eh tees iS ik} L027 TE. Sa meee = 
MURA meee iste clove nies Oe eine eis se eee CRE ce een Reece ee erence (Syl ipserecesna|asssszanss 
1bBIIG A ARSE aS Sc Ga USAC FDCs aaa Soe NGM amaniaa aE ice a ea Die il cama cme 2. 000 
IMOIGSSOS Fee nick icc sein a clseoeisee c= oats ce mabe sen eee nEE Eee DP hl ieee ea ae ee ee 
COMMER sees ase wise Seo eisai pia alates Se a ae pea i are eae eget 0:4 dace aeteded 
SOLID SH eee eee yee a ee oe Oa eR Se ne 55. 2 4. 557 7. 700 
Calories oz cis aioe ora vm siwieinw acine (J aeinse ea SRS iter ore aerate real | Sete ersten 517 1, 965 


Nutritive ratio, 1: 8.3, 
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Breakfast: 
White or Graham biscuit. 
Fried pork, 4 ounces. 
Molasses, 2 ounces. — 
Sugar, one-half ounce, with coffee. 
Coffee, 1 cup. 
Dinner: 
Corn bread (from corn meal, 8 ounces). 
Stewed beans (from dried beans, 4 ounces). 
Boiled salt pork, 4 ounces (boiled with beans). 
Supper: 
Stewed codfish (milk sauce). 
Boiled potatoes, 16 ounces. 
Stewed fruit. 
White or Graham biscuit. 
Fresh green vegetables or fruits, in season, cooked or uncooked, should be added to 
this diet; also pickles in reasonable quantities. 


TABLE 21.—Diet with corned beef or fresh meat. 


F - Carbohy- 
Foodstuff. Weight. | Proteins.| Fats. aie 
Ounces. | Ounces. | Ounces. | Ounces. 
Wineshh ash Orcormed Deel. : i22.52-fseaoccecaccshecscae okicaecceae 12 2. 028 OAR eee ase 
White flour (or Graham or whole-wheat flour).............----- 16 2. 128 . 240 11. 632 
Hominy, oatmeal, or corn meal...........-.......-.--.-------- 2 - 166 - 012 1.580 
PU BDESS oc case ot asd seceneoccec sosesnecr See rec PESeEE CHO HoKe 16 . 288 016 2. 350 
LV WGI. = - 8 2s SER SB SOR EO OB CO CED ESE CED SE ESE RC Sane ant = Sie 3 402 027 2. 223 
MBHMPTISCUMIN Kom man tances sc asec oe rmss acess sce occ ess ctecnepers el 192 . 186 224 
Ole TP PFs SASS Se ea aes eS ee em Ee Util esos. ae 3410) |b cseaenece 
BN GH Seer ene oe sesh nam a nakens scienews ae costs ccetniggsce 3 042 009 . 267 
IRICEN eerie snip so acne ee cesice wdc soc e ree cece eteeesscsieeos 1.3 O27 seas see - 933 
SIGE - 2 se cecenrecosesscs esesececcebs eo ssse soe cssese secon ssc Wea) Perera ake) RSs ee - 500 
re ee acne ee cae secen sone eee gaccaccicscies pave noosa cs sects 7 ae | Bae see 2, O00 cosets cee 
IM@IASSES eee sem aac saan scesonc secs e es ooee enna eon wseees sees 7d tol Pies Ses Seas) eee pete ae 1. 400 
CONCOe eee tee ea ee ssc acsecse ces ace cccecwen vetecioescicesewcss OAT ice el eye) ves ees stale 25S See 
SOMMS ee merce mae comeb sev ierse ae cesenserssGceccesceeceeslss 60. 7 5. 273 4. 664 21. 109 
WAlOReSE Hara se aaa inin-e- Se eee esos enitee ss sechsceae cess sucteee ace 598 1,190 2,396 
Nutritive ratio, 1:6.0. 
Breakfast: 


Boiled hominy, oatmeal, or corn meal (from 2 ounces dry meal). 

Molasses, 2 ounces. 

White or Graham bread or biscuit. 

Coffee. 
Dinner: : 

Fresh fish, 12 ounces. 

Boiled potatoes. 

Boiled onions. 

White or Graham bread or biscuit. 

Or corned-beef hash: 

Corned beef. 

Potatoes. 

Onions. 

White or Graham bread or biscuit. 
Supper: 

Boiled macaroni. 

Milk sauce (for macaroni). 

Stewed fruit. 

White or Graham bread or biscuit. 


5847°—18—Bull. 5833 
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TABLE 22.—Dviet without fresh meat. 


Carbo- 
hydrates. 


11. 632 


Foodstuff. Weight. | Proteins. 
Ounces. | Ounces. 
White flour (or Graham or whole-wheat flour) 16 2. 128 
Hominy, oatmeal, or corn meal 2 . 166 
Kidney or navy beans....-...--- 4 - 900 
Saltiiat pork: 222.252 2280 se. ee 8 - 592 
ESO eiiere Suis iaciate ies cise mie einele ste sieid Lae e See ee ene etn Herne 3 - 776 
(Ohi ESAs eee see OS OAM BEAR Me AR Omee bt 626.4 SF cee veka ace me 2 - 028 
Cabbage, or other vegetable except potatoes............-..--.-- 13 - 182 
IROUALORS Er asa erate te erate siete oi toiate fame terre iaeye staat hain eletote 8 . 144 
Driedirwit ssc secs seca oes Ae See aise ise Hereince meester onia ee 1.3 - 027 
BOUTIN aoe oe Bes street eteie Crate ecto Saree ib clone ts ee 0.5 
Wards so ssaec Sehr aece see css e Seeeeeeiscdeasemsdeewceceecmeece ad 2 OE. Gast ee 
IMOLASSOS 2) os seis iile ts orice Se ere nin c ule isaac mee eaeeeceleee sem 2 
Coftee eee Sacer set oa ee seo cier Seine tess aes Seen tr eynge ate ON a ee oF eos Secs eos onsiaseceee 
tS0) Bi Fear ee cae Sect pe Er eee ne ea ees ae Se ee en p 62..2 4.943 
@aloniesaet S22 U0 AR SNS AOL EY BS, BOD SS Ua coe Nae 560 
Nutritive ratio, 1:8.3. 
Breakfast: 


White or Graham biscuit. 
Oatmeal, hominy, or corn meal (boiled or fried). 
Fried pork, 4 ounces. 
Molasses, 2 ounces. 
Sugar, one-half ounce with coffee. 
Coffee (1 cup), two-fifths ounce. 

Dinner: 
Boiled cabbage, or other vegetable, 13 ounces. 
Boiled salt pork, 4 ounces (cooked with vegetables). 
White or Graham biscuit. 

Supper: 
Dry stewed beans, mashed, 4 ounces. 
Grated cheese, 3 ounces. 
Bread crumbs, 3 ounces. oven. 
Grated onion, 2 ounces. 
Baked potatoes, 8 ounces. 
Stewed fruit. 
White or Graham biscuit. 


Mix together, roll into loaf. 


Bake in 


It was found necessary, in the course of the experiment, to make 
a few minor changes in the ration to suit the taste of the men, but 
in the main the tables were followed as designed. Table 23 shows 
the weight of the various items of food actually issued from January . 
10 to August 22, inclusive, the composition of the various foods and 
the food value consumed during the 6 months in calories per man 
per day. 
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TaBLE 23.—Food issued at experimental camp, January 10 to August 22, 1916. 


: Pro- Carbo- 
Foodstuff. Weight. peniee Fats. hydrates. Cost. 


Pounds. | Pounds. | Pounds. | Pounds. 
600 98 59 


(OSES CM eer ogc e eed Joos dec Justin SOUR GASSo-oro Neues l (ed \madeedl ni!) s 3] lacieamusl |! a earyaiis a $51. 95 
TDN SSin tice Goac SEER UE EED Se Ser GaSe Hela asters esa 514 69 ADAG | 22 i es 52.85 
Salt pork.......-... 3,845 285 2, 537 502. 25 
Fresh fish....-.-.- code 440 36 9 ae 14. 37 
Salt cod fish. .-.-.- nbc 38 1OnEssos2-ce [ese 6. 30 
Salt herring... --- a 657 135 58 22. 83 
Salt mackerel 26 4 5 2. 44 
OL pete ees Maes ae A oe RA. 22 7, 068 995 134 163. 52 
(Chayeiel ineyee ll}, Che SOO Ss PS IS SS Se ep 3, 167 291 60 59. 31 
INGCATOMIE sere 2 t/a oti t aa eke set bask 288 39 17. 54 
GaSe Pee een ete Soe dette tal teat ce eetesce 207 17 1 4, 28 
HICCUP toe We cure Pik Sale cit cae 255 20 1 11.51 
Oatmenlsereae fort So eee ee nak ee ee Sec tede eee se doe 161 26 11 11.89 
QRS. 5S ebeb ane dots sacbeeors tose: Ser Rne Ss Saeeree eee 820 184 15 57. 66 
CAS EPR IS a See ee ce Mec eae eaene tes Stee be cccas 549 135 5 15.10 
TSE SOIRIIOGR ed shapes sane sae soso pS ae BeSeeee anebEe 2,814 51 14 63. 54 
Cabbagete tat ee aes Gs tere ao te cece feces sees 868 12 1 17.40 
TOS ACME SES ae coe Sonat oee CEC OrE aon eee Seats sae 35 4 ereerr ie - 70 
ONOTIS Eye ees 2 te fae ME Te 294 5 1 6. 46 
WOU GEAS eee Mates sels wlan sols scree tee cise els oer 352 Oy | eases 3. 52 
IPRS eee ee ee ae ese sui e oe ec skin. Bon oale cute 87 Pleeseunsear 6. 61 
Dried fruits. .2% 22. - 832 13 18 49. 98 
Condensed milk. . Jats i 103 10 10 11.80 
DUSatee ee secant ce Biel ae eaihs el eneeseree te 27. 03 
(CiGESGy Ssbeacecbeeas 271 69 80 50. 37 
INIOLASSCS Bete cere (oe wale jsciscie eeiarsiomieo sie Soca ce DS 2B UU etre ctor feropreostes 51. 86 
Ar OMe eet ate nce seee ccna als Sasine neniwsitioels UEC ie Sa eccee 1,707 175. 89 
OlEO Re Soo eee eee sees aed oo asec s 220), | eee nee Sree Del Aere ser arer a 4, 29 
SALE ens n ec dcigsnd ob oa esseeec sense ess Cae Bs Seb eBeGe Ibacossae Ge a auearacs 2.51 
IPGUEP . - 222e rene ce seesce ne eae aeueeeneadesececcseseae il) Fleeoc ceccod seeanssond Baosebeses 2.01 
IBAKINSWDOW GEL oP sessbps-ac coe sictisceeiets oxidise cess se SOL ee cacttd Meet esesc| cee see cise 29. 29 
WTO Sire eter soe ae tifa c ia eicjae's.e cn sole 2B Aaa mice sicieccie CT bere eae Sara [5 See ert eater A oer 3. 92 
URINE DOAN See es fer eyes o8) = ooo cisicin wie wiscisis Siteinelerwieie'e 675 21 2 67 13. 50 
OHEORP EP ere ene serene ate sece aeeeinnetceseeseceeces NGS 2 eeu EAH ess area cecaae EAOeeeee ae 17.47 
PUK aan Sapna as ae eee ea aoa 130 29 2 77 10. 40 
MATTER CANIS Ses ok aidan less aces Siaajsinen ce seioce seas epee 100 18 1 66 7.00 
isco Gaalemeeanwieruaais cul? Becks cS AEA PATE asi ce pad po aga ae 2, 583 4,880} 11,803] 1,549.35 

Convict days, 8,862. Cost per 1,000 calories, $0.033. 

Calories per day, 51,178. Cost per calendar day, $0.175. 


The food was purchased by the county purchasing agent upon 
requisition made by the deputy warden and approved by the county 
warden. Perishable articles were purchased as used, but staples 
were kept on hand at all times. All food was inspected upon receipt 
at the camp to ascertain that it complied in quality and quantity with 
that ordered. In only a few instances were any discrepancies noticed 
and these were corrected at once. 

A system of weighing and checking all food used was inaugurated 
and maintained, and this practice, coupled with the selection of the 
most efficient foods, is responsible for the low cost of subsistence. 

The average cost of food furnished to convicts during the first six 
months, as shown by the detailed monthly report, was $0.175 per 
convict per calendar day. As an indication of the manner in which 
this food compared in cost and quality with that supplied by the 
county to the other county camps, Table 24 shows the character, 
amount, and cost of the rations furnished at the experimental camp 
from August 1 to August 22, inclusive, and the similar information 
regarding that served at the Lakewood fair grounds from August 23 
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to September 30, when the convicts were withdrawn from Govern- 
ment supervision. The rations listed in the second section of the 
table represent very closely the method of feeding followed by the 
county in its other camps. By comparing the two rations it is 
evident that while the calorific value of the ration served by the 
county was only about one-sixth greater than that supplied in the 
Government camp, the cost of the former for each 1,000 calories con- 
tained in the food was about 30 per cent greater than the latter. 
That the excess food value furnished by the county ration was un- 
necessary is shown by the fact that the convicts at the experimental 
camp, when questioned, invariably expressed themselves as fully 
satisfied with the character and amount of food supplied to them, 
and the greater efficiency of the foods comprising the diet of the 
experimental camp is evidenced by the lower cost per 1,000 calories. 
TaBLE 24.—Comparison of cost of convict ration from August 1 to 22, 1916, inclusive, 


under Government supervision, and from August 23 to September 30, inclusive, under 
county supervision. 


Under Government supervision. Under county supervision. 
Quan: | Unit Quan- | Unit 
Item. tity Cos Cost. Item. tity cost Cost. 
used. | © used. 
Salt pork........ pounds. . 409 | .145 | $58.25 || Salt pork.....-. pounds..| 1,261 | .145 | $182.85 
String beans........ do..-. 75 | .02 1.50 || Green beans......- do...- 90 02 1.80 
Salt herring........- doves 84] .036 3.02 || Salt herring........do....| 216 . 036 7.78 
OUr Se ees ee do. --. 610 | .025 52253 || ROGUES se se aeee ener do....| 340 . 025 8.50 
Mealiein® Bree ose aee doses 270 | .02 5.40 || Meal.... 2.3.20... do..-.| 1,176 02 23.52 
Macaroni. -......-.- do...- 382 | .0575 1.84 
Navy beans....-.-- dower 67 | .0725 4.86 
Peas = 50 0275 13383) Peas: .o-284-6 tee do...-| 170 0275 4.68 
Rice isle 20 | .045 -90 || Green corn. -...-...- do....| 182 . 20 36. 40 
Potatoes oes 195 | .02 3.90 || Sweet potatoes....do....| 254 - 02 5.08 
Lima beans Bee dOsaee 40 | .07 2.80 || Lima beans.....--- do..-.| 260 -07 18. 20 
Grits teat 20 | .02 40 
Pink beans 38 40 | .08 3.20 
Oatmeal........ packages a 15 | .0775 1.16 
Condensed milk. ...cans.- 12 | ..075 -90 
WPAN ce cee ee pounds 34 08 FTP) ||| UR sean ose Gas do 57 08 4.56 
@heeserasee- ese do. 31 17 5.27 
COE eee eee dota 18} .11 1985 || Coneesereceeeeci =e dose. |ea18 met 12.98 
Molasses. .....-.- gallons... 14} .32 4.48 || Molasses. ......- gallons. 114 | .32 3.68 
Dried fruit......- --pounds.- To 307 5.39 || Dried fruit... ... pounds. - 63 07 4.41 
Warde ass sneer dossce 196 | .11 21 56) ||| ards ys. seas) es do....| 114 ll 12.54 
Baking powder. .-.- cans... 36 | .065 2.34 || Baking powder-..-.cans.. 78 . 065 5.07 
Salts aaa pounds 40 006 «24, || Salty 22859. 2 pounds 73 . 006 44 
Pepper. as sess Gores 2] .19 sats ||| LEP Se aaeonc=5 dozea: 1 19 -19 
Vinegar -e-.ge5s- gallons. . 2 | 75.19 .38 || Vinegar. ..2-.--- gallons. - 1 19 -19 
Total costes sive-. «|\ccebesss|eek o See 149.50 Totalcost.g-2.23452|-. Des | aLee 332. 87 
Total calories). 3-tiacseiee seocee eee eee 44255130) ||) Total calories. <=. 0... 3---n- + ose eee Lis 8s 680 
Total number convict days........-..--. 864 || Total number convict days.....-:..-..-- 260 
Cost of food per convict day............. $0.1731 || Cost of food per convict day..-...----.--- 30. 2642 
Cost per 1,000 calories..........---..-.-.- .034 || Cost per 1,000 SLIDES. aC E Se SERRE Cee . 043 


MEDICINE AND MEDICAL ATTENTION. 


The county employs a regular physician to care for the health of 
the inmates of the county chain gangs and other institutions, and 
the experimental camp was included among the institutions under 
his care. His salary was $2,400 per year and in addition he was 
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_allowed the use of an automobile at an approximate cost of $250 
per year. He made no regular visits to the camp, but always 
responded promptly when called; and it is probable, considering the 
populations of the various institutions, that the experimental camp 
received its full proportion of his services. As the average popula- 
tion of the experimental camp was approximately 7 per cent of the 
population of all institutions, it would seem that a fair estimate of 
the expense of the doctor’s services to the camp would be 7 per cent 
of his salary and the cost of operating his automobile. For the first — 
six months of operation this would amount to $92.75. 

The character of medicine and the equipment of surgical instru- 
ments kept at the camp, the cost of medicine used from January 10 
to July 10, and the depreciation of struments, etc., during that 
period, are given in Table 25. 
TABLE 25.— Medical and surgical equipment of the Fulton County, Ga., Experimental 


Convict Camp, the cost of medicine used, and depreciation of instruments, January 10 
to July 10, 1916. 


Expense 
Z Amount Unit y ~ of use 
Article. or oer Cost. and 
number WEN deprecia- 
tion. 
Mine huLepOnCapsicum = a2. 4 jays ee eens ae Ss See ounces 10 $0. 63 $0. 39 $0. 23 
JsXIREUT OL i ~) bej ous Gast gl oe tele ed lg pA ok Lee De Ba Se ee Wn pounds 4 - 06 .24 24 
PADSOL NOMIC O LOWE a ejnay= ob septate epic e ele ee ea roll. 1 . 174 : 
THO 3.4 See SSBERE ASO BE BOSSE Ete tes antes Sieap efie Biae sae pound.. 1 B25 
1 inch by 5 yards adhesive plaster.......-..-----.------- spool... 1 30 
Adhesive plaster.....---.--- padi 2s oceans tes ee eS yards. . 10 05 
4 per cent aqueous solution boric acid..........------- ounces. . 2 . 12% 
3 per cent alcoholic solution iodine................------- dosss: 2 . 124 
ATOMAtIC SPITS OL AMMONIA - $2 5...4 ec gars cise = les dons. 2 - 074 
INSPIEIMVEADLOUS MO;LTAINS saym.o 5 acces wae cis somes oecisiee eso elsmetctee 100 - 90 
artame ed |PAasiM. Seo gets Se yn eect ce emeee see ocelsics 1 . 60 
3 per cent bicarbonate of soda in petrolatum-........... ounces. . 6 -05 
Bismuth subcarborate tablets, 5 grains......-.--..----.-------- 100 91 
BOLIC MEIGROIN MONE at css e eels hone ee eee ne Sone ounces. . 8 - 90 
BrowmRSAMixture tablets 5.5. oe oF ee ee beley-!- -Cagease ase - <b 500 1.76 
Calomel and soda tablets, 4 grain....-......--.----------------- 100 12 
Cateuiisuiures, ASSOnled)2 6 S22 5.- = --4s -binjs sae aes= os ee: tubes. - 3 - 20 
Hobe MeRcatteters’.- 522 seas ee ate sent eto ese eae 2 - 20 
Chloroform liniment 16 ~75 
Compound catha 4 1.34 
Geox 500 2 
Eosol.-.-- 1 34 
Eye cup. .- 1 -10 
Gauze bandage, 3 inches by 10 yards. at 1 “LO 
Gauze bandage, 2 inches by 10 yards...........-.- EE dOyeee 1 . 10 
Gauze bandage, 1 inch by 10 yards--........-....-- ==d0se 1 .10 
Grama CoHole an eewsaeigesies owes taece een eeceee ce osceen sees pint... 4 . 60 
EEN ZO eee eats ites misc e mytetacinic eis amicicle isis cra siceatescicrs yards. - 5 . 06 
(CURD BOF D See a I Se Se ak eee Pee pound... LE 215 
6-inch hemostats............-- Pa scl ilaeseeiRetai ry tia mele 4 .90 
LO Tea e TAD a ae epee eee ewiae tees sO ee a esecdsie eens seeks 1 1.00 
Ely POG EEMNCOULH es eek coos co ore ec oaks oe lece cece seeeee 1 2. 00 
Minchure Jamaica ginger <9. 8c eens ste e cease ounces. - 2 . O74 
IMedicinedropperspacmetec cheese ssetesc owas eee Soca see ess 2 .05 
INECECITIO;RIASSE 9 see css ci eee eee en en onan eee sete simee 1 .10 
Mercurial ointment, U.S. P........2-2..-22----0-005-- ounces. - 8 .09 
Nein sieere eae aes tesa one jae ecw nade te wayne 1 .05 
Opalisiikeeee se eseenss saetee cl Soa acl eae Se eeeectee SS packages. . 2 - 25 
Potassium iodide solution.-.............-.-2---------- ounces. . 8 . 093 
TET OMG eee ia cera aie nic eee ee astee woe sm a asatee asiSe nie Saimcinrewee Mod 1 30 
Quinine sulphate tablets, 5 grains...............-...-...--.---- 100 1.15 
Rubber tourniquet..... RIS erase staat en Hone Aerts Sn 1 1. 00 
Safetyspins, assorted! Sizes. 2.1.02. l fo 2212 o2 2. leech. lsed estes: 12 05 
Seal pelsete eee ha ceae ae cis eee ceseeewe es ate oes ke pe 2 - 50 
Bs UTENRSCISSOLS ett ey-tetee a ecee ere ies a ener tic oe ete meas seer pair... 1 75 
Surgical scissors, 63 inches................---..-------.-- dokes 1 1.25 
Sodigm\ bicarbonate 20. -52222 02 SE. ois cei oes pound. . ib = a15 
NOMS PIINGS ciaee cele aise meee ecma ooo ne bias ate cia toes aainin ieee 2 50 
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TABLE 25.— Medical and surgical equipment of the Fulton County, Ga., Experimental 
Convict Camp, the cost of medicine used, and depreciation of instruments, January 10 
to July 10, 1916—Continued. 


K Eaves 
mount - of use 
Article. or ae Cost. and 
number. deprecia- 
tion 
Surgical foncepstias: asa jekk soe Se Se as ES I RS 1 $0. 50 $0. 50 $0. 50 
Surpicalineedlesz se cssesee sao. Se eee acu anes oben ce dozen. . 1 . 60 OOF) ste. eaiae = 
Sulphatelointment=-. 2 Pere sy eas ee eR ees ounces. . 16 75 shel Seeee eee 
Toothache Aropse seas cise ce ee eee eee ree ewe Seale do...- 1 25 ei2Onl Waite ee pie ts 
I psomi salts See .ce ee a Se UR iy aay eee aad pounds. . 8 - 06 48 - 48 
EMD) Overheetealeemia ce Ae nee stajse ae eis ca aiameiala cre semanas ounces. . 16 09 09 -07 
Oa ea FS Es ee ess Eile oh eee ee ea eee CaS pounds... 10 05 5 2 
er CFU a a Se RR OS i ae he as EE gallon. 1 2.70 2.70 2.70 
BTS IS Cee COA BSE eta eet Seen Ey ol Steg Tee ounces 16 - 40 40 - 40 
S irits OPMILOIS ene sos een aes dasa kassceoecete yates pound 1 47 47 47 
LIGHOTITIMO AE EEE GS Lc leathuin eS CAPR O SS POR A Ee pounds 2 ~14 . 28 14 
° Race Wawa ne WAS Cala mis teers See ae wae Aa eee ounces 4 -10 - 03 - 03 
SOOO ES BEBE Gor aoe CORREO EG CaS Race iran arc do 8 .32 .16 - 16 
03 Mixed Treatment? pills zso5 ose ockioe aes co eeoes ee eee ease cue 300 45 1.33 1.33 
SE an NaN et Sm Ai ULI ye Cail ra hea cnet esa a box 3. 65 35 UY | saecacsaec 
Giaiee AIO TAG Ley hs SIS SNS LI INNS Ni INS ounces. 12 02 24 24 
AMIMOM Gee as Moree aese ate Gis Wee ea aed ea FS ate ote pound. 1 20 . 20 20 
Camiphorin ceases eee ie ee acta nop oeeegey ners Stee ounces 4 024 - 10 10 
Meadschertablets se axes sae as se eee ees seem ae ee ae 200 20 - 40 30 
Sloan}sjliniment soe. eae ee ee i eee botles 67 40025 ee eee 
fRotalisc (sin een eine airascea ote oe trols eels Sees sere eee See ROS ia teeegt 44.05 23. 57 


The total cost of medicine, medical attention, etc., for the six 
months from January 10 to July 10 is shown by the above figures 
to be $116.32; and as there were 7,174 convict calendar days in that 
period, the cost of this item is $0.0162 per convict per calendar day. 


TRANSPORTATION OF CONVICTS AND SUPPLIES. 


Food, supplies, and equipment were brought to the camp from 
Atlanta at least once a week by the camp team driven by a hired 
driver, who was paid at the rate of $1.35 per day for the time he 
was actually employed and allowed lodging and subsistence free at 
the camp. Convicts also were transported to and from the camp in 
the same manner, and a 1-horse team was employed to carry the 
midday meal to the men on the road. When they were not occu- 
pied in any of these ways both driver and team were assigned to 
the road work, to be employed in such manner as the foreman might 
direct. 

Table 26 contains a statement of the time of the driver and team 
spent in transporting convicts, food, supplies, and equipment between 
January 10 and July 10. 


TABLE 26.—Cost of transporting convicts, food, supplies, and equipment from January 
10 to July 10, 1916. 


Bree diver. Glidays1at b1592 perdayes.. ss ems cra ee lee reer $243. 53 
Campiteann, 127.4 days, at bl Oloper davis. noes sess nee ee ec ena $97. 07 

Cost of transportation January 10 to July 10..........-.......-------- $340. 60 
Number of convict calendar days, January 10 to July 10 ....-..--..-----.-- (ves 


Cost of transportation per convict per calendar day...-...---.:------------ $0. 0475 
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CONVICT POPULATION. 
TERMS, CRIMES, AND CHARACTERISTICS. 


The first 17 convicts assigned to the camp were taken from the 
county camp known as the “honor” camp. It has been mentioned 
that the inmates of this camp were chosen as a mark of honor for good 
behavior in other camps, but that they were allowed neither the 
liberties nor the privileges customarily granted to honor convicts. 
Subsequently, recruits were drawn from each of the other county 
camps upon the recommendation of the various deputy wardens 
that they were worthy of trust and deserving of the honor which 
promotion to the honor camp implied. The average daily popula- 
tion was 39.2. There is reason to believe that the men selected 
were not always either the most trustworthy or the most deserving 
of those eligible. The deputies in charge of the other camps mani- 
fested a natural desire to retain their best men. In fact, though the 
population of the experimental camp formed only about 7 per cent 
of the total convict population of the county, it is probable that 
fully 30 per cent would have responded successfully to the same 
discipline. 

Table 27 contains a list of the crimes and sentences of all con- 
victs assigned to the camp, and shows that the maximum sentence 
was 5 years, the minimum 3 months, and the average 12 months; 
while the average length of time served in the camp was about 6 
months. It will be observed also that the majority of the crimes 
are such as might be presumed to indicate a lack of honesty and 
strong sense of honor in the criminals, and that only a compara- 
tively small percentage are crimes of impulse. These facts are more 
clearly brought out in the analysis of crimes in Table 28. 


TABLE 27.—Terms and crimes of inmates, Fulton County, Ga., Experimental Convict 
Camp, January 10 to ee 221916. 


5 Time to 
: . en- serve 
Prison No. Crime. ieee), saRA 
received. 
Years. | Months. 
Dee race sccic ait Bure laryere aiccce Soe eto als ores ais ci SIS a IS Sie eats eae ore ee Sate 5 3 
2 EF A Bieta hake, 4252)! 2 GO Rae Ss See See iia Ue ey Ne Sa ae eek neg 5 23 
eee aneee Meeis shasta ice. Oe sia Sa ie ied ote secs Sa eects cle Se Sete Oe ea of 3 6 
Months. 
Ce pad oa OAS BREESE Hl emene LO Oe Re ster roa Bre ea ay Coe ees ee ee a eels 16 54 
Ris Senco Se Sere el eee LOS ey eet ag Se OI EN ANA ORE LY eM a meray ee pai ee 12 34 
ais i bf a Oe at | iene COMIN 2 Tuma arsed ELA eur SiN ISU Tala Mawel ar Rau ee MR AS LC 12 3 
Tha ceo bas sae ESS Blues CLO Se ON a Ree US eat hed A IS oe eee 12 BRAG) 
Sis Ec Ane I eee lee LO Pa epee eee etal Wy nie J, LDV el Sm Ral tare Aol ea epee A 12 2 
Sa RBSUE Se eee rere C0 0) a a ee ee een nn ees sees eat eC oe ae 12 14 
DS oad ous Soares a ee LOB ree te ne ND. 2 2c) eae cy aE | 12 1 
eae eee aes GCE 8 (YO ERE RTs SOUP RCO La Bas et ik Oe th eee 6 6 
WO otads Stake EYL 0) OFS) ANS SRC Se MISE HUIS ate CesT Gell ergs SPINS 12 9 
1s SESS Op cea een seer Lea he AB Ge 220 fae A Popes Os 8 Ot a 12 8 
Te al a I a be Oe te Sen LW ONE Mil 1 eel ct aan gas TN were ana ef 12 5 
Te Gee Soe Se eae een para LO ME URES soeial 4 ila oe se OE Ds apes GT cf 12 5 
UO Seabee 4 Sines 8 AGAR COTUY ays eestor skew Siren os tela kl pL ag ral eae 36 15 
117 SNES IS Aa ie 2 Ie CG LS En SN UU UN SMR Nye ea py na OL ae pee eta 24 13 
LOS ee DSB E BE Ra IE geine Ieea LO ea amne se tiaoines liett Ain ON Spent anc tee Neu aroU ne ane inten Denia ras even 24 94 
Os 2 UGE See ein Eres Co VO Pe I GR ET Para sees 3 © ANE NID RM Pe ne 16 6 
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TaBLE 27.—Terms and crimes of inmates, Fulton County, Ga., Experimental Convict 
Camp, January 19 to August 22, 1916. —Continued. 


= Time to 
= - en- serve 
Prison No. Crime. foie wana 

received. 

Months. | Mon hs. 

EUS U2) 6 ee ale ian Se ect Se ee ae i Susser ay Ol 12 7 

aN GO Ey oe cc aaats = eee eee pe meets oe: Soe E Ree eee eee 12 3 

So OE Fe esc eee ae oon eee Cee e ec Laat eee SE Aen eee 12 2 

Zoe he QO ne FF eae seeped E ac rere an eee soe eA roeioemaeee il 8 

er LON a er ra enc repre ae Se ee ee SS ae Eins Oe EE ee eee 10 74 

BABE DOF Sioa cices  apephebisct sone Seep eee ee see Se eric cease Se 10 53 

See: GO ee ee Sac roe eee ee ee cereeee tence t neon ok meer 10 5 

FAL dO. : cece cmeae genase: otaonee ccmaeee one - eat eee pee cere 8 7 

SSeee GOs Ae oe ice pee eae poe ee aa eh eee Saaane SSS E CEE See 8 5 

Saleen (6 (0) anes ic Bs Seats Ss emerang 8 34 

Larceny SiteMinlist-eoeeseeeehee rns 10 34 

.| Larceny from house 32 30 

PA letiond OS iaas cae e ee Ose Sane soos EE REO ee minene see ape Se ee 16 9 

Sach oneee abe sales cee OO: oie ion bet hog sarah eee bre de oh ateeoereacia tao aes one sere 12 104 

gE Ft alt as Deo DOE UES encee mane teem See ema a nae orton Oe ne ein rae 12 94 
See te peter eee an GO. be oo ee oR ae: sate ae cee ee tee ete ace eee 12 9 
Se aeons oe ae eal See (0 CO espa pa eta Porat ly ater rca hel pao las oro RE 12 8 

iy ALU ei RN Sess oe (5 0 ene rey eee PP IN, ea RR aS Tee me er a oe 10 83 

AP a yf pa ane ae i GOR eee eee see eens Sa CEES Rae eee eleee soko eeiee 10 74 
eae GOOG sono ae cee towns yarteaar Se Ula g eee pees peat o ue ae oe 10 6 

ses GOSS ses cette ee seas Sate ena ot eos Sa ne ae eee ee sees 8 8 

ee DOs Seaton ack os Awe). eee ee tacaoe'. <a ee ae. 8 8 

Fo KOVR Ae Se rs Ac Spd sits oat i eeeenear ae Spe Reaotten So eptbe, Bee) eco 8 8 

Bought watch on installment plan and sold it......-.--.------ 6 E 

Tiere {POM Car MS oan yee Ss ee oe see es eee eee eee 12 84 

LY ESR eS ena Se See ae es Appropriated bacon he was delivering and sold it. -..-.--.---.- 12 6 

48 8 te eee Kept money collected\in trust. 242.5... - 52-2. - s-- -oee-- 522 2-- 12 24 

AON eee Bee PS EY I a AN ee eet on eae ts ce de et ear 12 63 
SO esas ae Gaming se) ey oases Sake osc ee ia eee = Cee eee eae eee oe 14 11 

12 64 

12 1 

12 1 

12 oe 

10 5s 

8 7 

8 7 

8 3 

8 3 

6 5 

6 5 

6 B 

6 3 

6 1 

6 1 

12 5 

10 83 

10 3} 

8 63 

6 5 

12 11 

12 8 

do 10 5 

sy See Ae et Abandoning Children see sese. a ee ee eee ee See eee 12 ES 
Seok achese Sa eee Carrying (concealed swea pon ses ee esse aes ae eee ees 12 8 

LOSE ees eae as COI Sa FOR SER ae te PEE EPS ESS Ne See eae ae 8 63 
CUS Reo ee eae ol lear ee OE ee eS CED eee SRE erases Seine ee i ee es 8 5 
ES ess en Nel oe ae ee (0 Ko enantio ror RE Ae Tes i Pla = eee ieee rnd ee 3 6 6 
TS agentes S| Pare OG dese Shes? SeRe we SERRE EE Oe SOE ee Ee Cn ae ee ee oe 6 3 
SOS es ee ee ae Wile beating .222h2 5. 082s secs foes eee kee ene os eee 8 4 
SO) ce See eae AGU tery: se secs eee eer so PRL Ee CPR REE eee Ber eee eae eas 12 9 
S2u ae eee ee Cee Stabbing 22 -cek oes see eee eo ey eee be eee Se ee eee 12 8 
do 12 7 

12 7 

12 23 

12 1 

11 63 

10 oil 

8 7 

8 2 

6 3 

12 7 

do 3 3 

See ci tame mae eEeeae Assault and batteryii2.=4- sos2 4-2 sheen eeasecs = 5o2 eee eee ee 8 a 
Oper. soe eesecccce Violation of probation. ees he eee a eee Bae nee eee 14 2 
oases FeRsaceesasas Assault to.rape::s-.22220cse.ee bose skeet eee ease soe 12 il 


1 And 19 days. 
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TABLE 28.—Analysis of crimes of inmates, Fulton County, Ga., Experimental Convict | 
Camp, January 10 to August 22, 1916. 


Kind of crime. Number. 
Against property.....--.--- Beet eae sae PO eee ene we oS os tt hee = Ub 49 
REECE TUECS CCISOR Sank se ee tS Ee a a i kd beh 15 
SeecePH ME REIE NC OLOGY sae on ghar cee eo uic, matinee aaa. ose oko eS oe SiS 32 

BRR iek eM Rk Pease te SRS te es yi rig a ropes ILE Syd See pct ao, 54 96 
PeSeerii are: APT OL TOPCO «on ts 5 2 Os ioe eco eR ke ee ok 3 51.0 
Pee MPO eS ASO Sh LNG POISON: — so 5 5 ese tno oes ge os ee een chess ae ea 15.6 
Perce miioe ApaTisl, PUDNE OLGEr... 222-2 toe ce fe eee Weck ee escuela 33. 4 

LAG Sea, FE Ee Bate SR eae Se Ae TEIN RT ORI, Bite Nees Seed 100. 0 


In view of these characteristics it 1s somewhat surprising that 
there were no attempts to escape and that there were only nine 
offenses against the order of the camp. A list of these offenders 
is given in Table 29. 


TABLE 29.—Offenders and offenses against the order of the camp. 


Priso Crime for which con- 


Prison | Crime for which con- 

No. victed. Offense. No. victed. Offense. 
Ove cee: Larceny from car...... Fighting. ee Assault to rape........ Unsatisfactory 
G8ecessqus Selling liquor without Do. work, 

license. Ps Waerancy = sea sce se Do. 
es See Burslarys-. te.220. 50-4 Do. SDS oe Wearceny: 2): 2cdos5.-4 Cursing officer. 
| ites 18:0) 5) 02) a ee ae Do. Were st escee Burglary? 2-222 e=-2-56 Stealing sugar. 
yi eee WAST ATION, <5 (o.o2'= 5,2 .--| Unsatisfactory 
work. 


The general facts that all inmates were negroes and that prac- 
tically all were from the city of Atlanta have been mentioned. 


OFFICERS: NUMBER, SALARIES, AND DUTIES. 


The county warden, as the representative of the State prison 
commission and the board of county commissioners, was in general 
charge of all camps and prisoners in the county, and it is estimated 
that about one-tenth of his attention was devoted to the experi- 
mental camp. Five officers under this official were in immediate 
control of the camp. Their positions and respective salaries were 
as follows: : 


Per month 

and board. 
Me PN WE WATO OR oe ae ee i ce a pee ie ys pee aS = $75 
Te TELE CELE SS I Se eo oP 7 ee 50 
T! (OTST Beltane i el Siete i eS Bean A Shy oe lear a ee ee ae 60 
ibforemiamey tat. eae ee Ua Fe ce SSIS. PRIS WG ea 40 
Weuretwapehmian 434-25 a8420 22. 2p 22). 25h [Peer eyes: Seige: - 40 


The deputy warden was the highest camp officer and was respon- 
sible for the conduct and discipline of the camp and the satisfactory 
prosecution of the road work. However, about three-fourths of 
his time was devoted to the supervision of the road work, and there- 
fore only one-fourth of his salary and the cost of his board have 
been reckoned in the cost of maintaining the camp. 
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The camp clerk acted as the deputy warden’s assistant in the 
management of the camp, and in the absence of that officer was 
in full charge of the camp. It also was his duty to keep all camp 
records, to prepare all requisitions for supplies with the approval 
of the deputy, and to receive such supplies when delivered. He was 
in full charge of the commissary and of the issuing of food and sup- 
plies to the cook, foremen, etc. His entire salary and the full cost 
of his board are properly chargeable against the cost of camp main- 
tenance. 

The work of the night watchman is implied by the name. He 
entered upon his duties each day with the return of the convicts 
from the road work and remained responsible for the safety of the 
camp property and the security of the convicts until the force was 
sent to work againin the morning. His entire salary and the expense 
of his board are chargeable against the maintenance cost. 

The two foremen were in charge of parts of the road work under 
the deputy warden. Incidentally, of course, they exercised a reas- 
onable surveillance over the convicts, but as the work could not have 
been carried on successfully with less than two foremen, and as their 
duties resembled those of foremen in charge of squads of free workmen 
more closely than those of convict guards, it is believed that their 
salaries and board are properly chargeable to the construction work. 

None of the officers was armed in any way. 

The cost of camp supervision for the months from January 10 
to July 10 are shown in Table 30. 


TABLE 30.—Costs of camp supervision from January 10 to July 10, 1916, Fulton County, 
Ga., Experimental Convict Camp. 


Depuby.warden.457days Qt 2.024 seers ep alee pre ine slg ee $124. 64 
Camip clerk, Sac daysea tbl: Sots crsecytare 2 rare en ae aie elena ee yore $347. 20 
Night watchman’ W/O days, at ple ous ones ea seen et eee RRR Ree $280. 67 

otal:cost: Jan24 0! to duly MO. seco ese Sat arses a he see ee ee $752. 51 
Total number of convict calendar days....-.-..---- : us Seen ere AN BE 7, 174 
Cost of camp supervision per convict per calendar day..........----------- $0. 1049 


HEALTH OF THE CONVICTS. 


All candidates for the camp underwent a thorough physical 
examination before they were accepted to determine that they had 
no physical defects or infirmities which would render them unfit 
for road work or cause them to be a menace to the health of other 
prisoners. The examinations of the first 48 men assigned were 
made by an officer of the public health service, the others were 
examined by the county physician. Convicts too weak to be of 
service in the camp were refused admittance; others whom the ex- 
amination showed to be suffering with infectious diseases also were 
included. Those accepted were little if any above the average 
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standard of the entire county force in physical condition. This is 
indicated in a measure by the fact that 35 per cent of those accepted 
gave a history or showed positive evidence of disease in an infectious 
form. 

The character and amount of the general medical attention received 
by the inmates after assignment are described under the heading 
“Medicine and Medical Attention.’’ In August, 1916, the services 
of the county physician were supplemented by the appointment of a 
dentist to visit the camps. The cost of this service was small, as the 
dentist engaged was a recent graduate who was willing to accept the 
opportunity to acquire experience as part payment for his work. 
Though this step was taken upon the advice of the officer representing 
the Public Health Service, the doctor was not appointed until the 
cooperative arrangement was about to be terminated, and for this 
reason the small cost does not appear in the statement of medical 
expense for the first 6 months of operation. 

Complete records were kept of the diagnosis, duration, and treat- 
ment of each case of illness or injury that occurred in the camp. The 
analysis of these records contained in Table 31 shows that none of the 
illness was serious, and also shows the number of days’ labor lost on 
account of the various indispositions from January 10 to July 10 and 
from July 11 to August 22. The table shows that 31 days were lost 
on, account of sickness during the first inventory period. As there 
were 7,174 convict calendar days in the period the percentage of time 
lost on this account was 0.43 of 1 per cent. From July 11 to August 
22, the percentage was somewhat larger on account of the large 
number of injuries. 


TaBLE 31.—Analysis of sick record. 


January 10 to July 10. July 11 to August 22. 

Diagnosis. Labor lost on account of— Labor lost on account of— 

: Malinger- ‘ Malinger- 
Injury. | Illness. ing. Injury. | Illness. ing. 

Days. Days. Days. Days. Days. Days. 
(Col ERs Reps tens Mee a A Wane el eae oe CD ens | (eae SA AE ee ed aes se Se 
OREGON CSM re eee ee bien cinta Cee an 2 Daag yes Dil eras iet Ses hall oa Vane 2 
Kkacked' by, mules). 2020252). 2s 2255-853: 72 Ie rete aol Sit ay Sea | om es | HR A a APL A 
BNO O DidareiTe mraerenre tere ce NN SR LEE AME ENA oie oS ye cs eo a) Pe a ea Fa 
INGmralp ime eee cas LAN | he te ee eS moe ch fees a Se aS egy Ug WR Agee SC Reg 
CORE TI OS) es nrc A crete dee eae el gn Lae a Sia | Betas Se 3H |p SS eal basics at aca 
Ojenhcate dn eee eee ei en ee ee [eo a Ret lanes Osan | HR ne (ay emer a ae 
MasHe donne Or sete 4 ra ae eins tan ae EE JI aisle meses clei |p Seapsie tec i fea ole MAN ag Ta oe 
SOI BUTAM MAC Koen Sa eptk ees ne a a TEES pier erect a0 || aie ee 1 re 1 
NYC PES ULO TE erp: Rees ners clay a LM teal Mie EUR eeAR tah ee A | akinesia aia ahaa 
SOI S NPA ele GA eyes mee ain ete) A es AA DUNG TA elses cal] 2 MIs a al | a aa Ie an | Us Ha 
IBODL oo sole a SeAe Heep ee year aEOh Pi ea he a SS baat el (at nea WALID! RG BY oc a D) [erase bese 

FM OMISMOSS Na ioe rai ka ii a Ea a el OM [Ri Ubye eerie aatrals bop lo Co eee Soa 
@inllsfardie versa ene tere eerie emanate sans na yee atiee si Seance eae teen ne Ch (rae kA 
JEP! te SONS Ae, ell Ie ARI eB Vote Pt Appa | WEAR Uae |My MC at ADE pee pe Sch a OY 
FMB UUTTIA DIST Seas cersisa seme ue seer en Rena te Lae BS We a a Nea a Ree NN 
LING) BH tn i st ct aN yt 7 al (aah ee 16 17 1 
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DISCIPLINE AND MORALE. 


The methods of discipline contrasted sharply with those practiced 
in the other camps of the county, State, and section. So far as can 
be learned, similar methods never have been applied in any convict 
camp in the South, and for this reason the success of the system is 
one of the most striking and important results of the experiment 
which demonstrates conclusively that there is no foundation for the 
belief that negro convicts are amenable only to the discipline of 
locks, shackles, and lash. 

In this camp no guard was armed and no convict was shackled; 
the only building locked night or day was the commissary. Plain 
gray clothing was substituted for convict stripes, and the use of the 
whip was prohibited. In place of these negative measures order, 
security, and obedience were obtained by the positive measures of 
attractive food, light, airy quarters, clean and comfortable beds, 
kind treatment, and greater privileges. During the day on the work 
the constant menace of the gun was removed, and the men worked 
under the foremen as freemen work. Whereas the practice in the 
other camps is to put the men ‘‘on the chain”’ immediately after 
the evening meal, in this camp they were permitted to remain out- 
side the buildings, reading, smoking, playing quoits or baseball 
until dark; or in the mess room to enjoy a phonograph which was. 
provided for them. Saturday afternoons, during the summer, were 
holidays, and the time was devoted to baseball and other games. 

Minor infractions of the rules, disobedience, and unsatisfactory 
work were punished by demeriting the offender. When the number 
of such demerits exceeded the established limit the convict was re- 
turned to the county headquarters camp to be placed again under 
the more rigid discipline of one of the other camps. Serious offenses 
were punished by immediate return to headquarters camp with a 
recommendation that severe punishment be administered there. 
Attempted escape would have been punished in a similar manner, 
but it was unnecessary to administer any punishment for this cause 
during the entire period of cooperation, and as late as November 
23, ten months after the opening of the camp, there still had not 
ean a single attempt to escape. 


Eight of the nine offenders listed in table 29 were punished by 
return to the guarded camp. Convict No. 1 was the camp cook. 
His offense was committed just before his discharge, and the sugar 
was not missed until the monthly inventory was taken. 

The full measure of the success of the system of discipline is 
realized when it is understood that no attempt was made to hold the 
men by rewards of money or allowances of ‘‘good time” greater 
than those granted to other county convicts. The only measure of 
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this kind was the granting of the customary ration of tobacco. 
From January 10 to July 10, inclusive, the expense for this privilege 
was $58.32, the cost of 243 pounds of tobacco at 24 cents per pound. 
_As this expense was distributed over 7,174 convict calendar days, 
the cost per convict per calendar day was $0.0081. The tobacco 
was used at the rate of about one-quarter pound per convict per 
week. 

The morale of the force was excellent. With few exceptions the 
men were content with the treatment they received, and freely 
expressed their appreciation of it, not only in words, but in a willing- 
ness to work and a prompt response to orders, such as is observed 
seldom in convict camps. 


THE CAMP FORCE. 


The camp force consisted normally of three men, a cook, a cook’s 
helper, and a ‘“‘flunky.”” Under extraordinary conditions, such as 
immediately after the establishment of the camp when there was 
much cleaning to be done, it was necessary to increase the number. 
An average of seven men were thus employed for a period of about 
2 weeks in the first 6 months, but for the rest of the time the three 
men performed all the necessary work. It should be observed, how- 
ever, that no laundering was done at the camp and that the general 
camp work was also somewhat lighter than in the majority of camps, 
because it was not necessary to carry the water and dispose of the 
wastes by burial. It would have required at least one more camp 
helper to care for this additional work. During the first 6 months 659 
convict calendar days were used on camp work, which represents a 
loss to the road work of 9.19 per cent. 


SANITATION. 


The camp clerk was charged with responsibility for the sanitary 
condition of the camp and the direction of the work of the camp 
force. The kitchen and mess room were cleaned daily by the cook 
and his helper, and they presented a clean and neat appearance at all 
times. The bunk house and other buildings and the grounds were 
cleaned and kept in order by the camp “‘flunky.” Particular atten- 
tion was paid to the toilets, spittoons, and bedding, which were kept 
surprisingly clean. The floors were treated once every 2 weeks with 
an agglutinative oil dressing which enabled them to be swept daily 
without raising dust. 

Though the interior of the buildings was kept scrupulously clean 
from the start, the importance of keeping the grounds in the same 
condition was not realized at first by local officials. They were per- 
mitted to become littered with tin cans, paper, wood, and other 
débris, particularly in the vicinity of the commissary and the corral, 
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and it was only by systematic coaching and inspection that this con- 
dition was improved. 

While the camp was in course of construction at the first site an 
inspection was made by an officer assigned by the Public Health 
Service, who outlined plans for sanitation. These included the pro- 
tection of the well which called for the construction of a water-tight 
concrete casing to extend 4 feet below the surface and 18 inches 
above the ground, a concrete shield covering the ground around the 
well for a distance of 3 or 4 feet, and a water-tight cover of matched 
boards. The well was not constructed exactly in accordance with 
his instructions, and the protection provided was somewhat inade- 
quate. .The concrete casing was extended only 2 feet below and 
6 inches above the ground surface, and no shield was provided, but 
in its place a ditch was dug around the well about 4 feet outside of 
the casing. The wooden cover was provided, as recommended, and 
a fence was erected around the well to prevent walking over the 
cover. 

With the coming of the summer the flies became numerous and 
troublesome. They undoubtedly had their origin in the mule corral 
and it is probable that their numbers would have been reduced 
greatly by the application of borax to the manure, as suggested by 
the Public Health Service, but it was impossible either to convince 
the county authorities that the corral was the source or to persuade 
them to try the treatment recommended. It is true that the large - 
surface area of the corral, over the entire extent of which the animal 
droppings were scattered, might have rendered the complete exter- 
mination of the flies impracticable, but the treatment would have 
bettered the conditions greatly. The screens in the windows and 
doors did not protect the interiors of the buildings. The flies came 
in when the doors were opened, and they collected in large numbers, 
particularly in the kitchen. When, finally, the abatement of the 
nuisance received the serious consideration of the county authorities, 
flytraps were constructed and fly paper was used liberally. These 
measures served to improve the conditions, but this phase of the 
experiment, at best, can not be regarded as a success. 

The failures recited above are mentioned as matters of fact, but 
it should not be supposed that the sanitary conditions, as a whole, 
were bad. On the contrary, the camp presented an unusually clean 
and well-kept appearance, and even in respect to the fly nuisance it 
is quite likely that the conditions were somewhat better than the 
average. 

The cost of caring for the camp is not reckoned as a part of the 
cost of maintaining the convicts themselves, and the direction of 
their labor by the camp clerk is charged under the head of camp 
supervision. 


CONVICT ROAD CAMP, FULTON COUNTY, GEORGIA. AT 
RECORDS AND REPORTS. 


The records and reports of the camp were kept on forms similar to 
those suggested in United States Department of Agriculture Bulletin 
No. 414, which are here reproduced. For a full discussion of the 
purpose of the various forms and the manner of keeping them the 
reader is referred to the former publication. 


Form No. 1.1. 
CONVICT ROAD FORCE. 


(Name of county or State.) 


REQUISITION. 
Requisition No. ...... Supplies tobe Sen tito - satsseee ose eae ee vee cce eelcien ae 
(Place.) 
INO UateMUnalt. osSn ees cee ea eee ee ete era ste peal 8 as 
Camp No. ...... Date OMe gtSIWlOW Sse se eee ree eee eee eee ify 
Quantity 
issued | Quantity 
Quantity. Article. last on Order No. 
Month hand. 
(or week). 
(Not to 
be filled 
by Supt.) 


I certify that the quantities on hand and issued are correctly reported, the above articles are required, 
and the quantities are not excessive. 


PA PLOVCC PRE ei 8k Sete eee pee se PHA Tees (21d gio ig he ss ae eee a lege , Supt. 


1. Use different colored sheets for requisitions for food supplies and general supplies. 

2. Whenever an emergency purchase is made locally, fill out this requisition form covering the purchase, 
write the word *‘Emergency”’ on it, and mail it with the bill to the warden. 

3. If the article is unusual, explain the need for it on the requisition. 


FORM 1. SIZE, 8 BY 10} INCHES. 
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Form No. 1.2. 
Gangeconocopoge beads concasctioasnes CONVICT ROAD FORCE. 
(Name oj cownty or State.) 


PURCHASE ORDER. 


Order No. .-.... - To Fill Requisition No. .....- From Camp No. :..-..-...-2----- 
BNL Ste pe ep eK Batt i ge aoe sah Oe 1 Sfatoaty ty a 
(Name of city or town.) 
BITDVNAMG oo sesicie es sanicie os ere sicicie oe oes ERE oe nee nee 
Address 


(Purchasing Agent or Official in Charge.) 


i i Contract 
Quantity. Name of article. reference. 


FORM 2. SIZE 8 BY 103 INCHES. 
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Form No.:1.3. ‘ Voucher No........ 


PetRi  Batie ceca ie eicininios sialecis CONVICT ROAD FORCE. 
( Name of county or State.) 


VOUCHERS FOR SUPPLIES AND SERVICES FURNISHED. 


Dates cease cis wtte ste stelaiets , 191... 
ni (Name of county or State.) 
ONG pea GeiasededoodabraobsoodeoouboscoToquGgusoanSdEs Dr 
Goods supplied on 
Purchase Order No...--- PNA GTOSS eerrectacteciaeeoeie oe sae biceicieerm a esi iors siaete eieieiaiaiere 
Tor CHMOD IN@Scss60, 8 OS SCRE RS Sono cus sue eb aceoddencupesreueneocuagabeaTsensG 
(Consult instructions on other side before preparing voucher.) 
Leave 
Contract oe Us Amount. bask 
reference . . uan- P n 
iP ae Articles or service. tity. Unit price. 
thority. 


Dollars.| Cts. | Account. 


I certify that the above bill is correct and just, and that payment therefor has not been received. 
(Bayeeisiemhere) seen eesee ee see ereee oases 


_I certify that the above articles have been received by me in good condition and in the quality and quan- 
tity specified, or that the services were performed as stated. 


Signature :s sss Sa: eens seas ae eiet aoe saeeeees Supt. 


Ap oved (0% ¢—<—$<——_——— SIPTA LTC crete eee oe sales oes erate ae eeiers Warden. 


Paid by check No...-.-. 5 Gated sacle scl aks cas skeet ace cine sy Ole 


FORM 3. SIZE, 8 BY 103} INCHES. 
Form No. 1.4. Sheet No 
Beets citar tasers syetate ote ae eb ioe CONVICT ROAD FORCE. 
(Name of county or State.) 


INVENTORY OF PROPERTY. 


Camp No........ MPIAC OE eee a Marae i te ae ee 7 Date sconsasenpseee ene , 191.. 
Wisted Dyess el os ce cicinrelt Dee en ey RN a 
ae Date ot | Date | Origi- | Pres- i 
. Description oe Condi- 
Quantity. Item. (Dimensions, materials, etc.). | PUT Teceived| _nal ent tion. 


chase. | here. | value. | value. 


Total, 


FORM 4. SIZE, 8 BY 104 INCHES. 
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Form No. 2.2. 
Se as oe eee sate ee neat s mecie , CONVICT ROAD FORCE. 
(Name of county or State.) 
SUMMARY OF QUANTITIES AND COSTS OF FOOD ISSUED. 
Month) of eee ee ee eee ee eee oon cen 


Camp No. ...........- IBlACcoeeass nse sa ee eee Mean inl ace) ieclaas jel cetate cles , Supt. 


Quantity. Total cost. |Number persons fed. 


Ttem. een casa OG: ; Days. 
Con.| Off. Convicts.| Officers. Convicts.| Officers. 


oor n ot kW DN 


Number of visitor-food 
days. = 


Daily cost of food. 


Per convict. | Per officer. 


FORM 6. SIZE, 8 BY 12} INCHES. 
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Form 2.3. 


(Name of county or State.) 


REPORT OF SERVICES AND SUPPLIES 
OTHER THAN FOOD. 


CONVICT ROAD FORCE. 


BULLETIN 583, U. S. DEPARTMENT OF AGRICULTURE. 


Number of convict days since last inventory to first 
of month. 


(CORI DINE oa naadecssodsdscuaeceuocHobucaEbdoudedes Ul EeosSeeccseboosdecesoubod sasansacaresosdeessoaccas 
PIA CE eae et eee ne ee em eee nate a ae Nis Seat ots Number of convict days this month ............-. 
Signatures 2. a. scee reosee- ences ecmncseeatensee Total number of convict days to date ...........-. 
Supt 
Last inventory value plus sub- 
sequent purchases to first of 
HOON soo osoaseenedeeooasoe $ 
Date. Item. Purchased during month. 
; Unit Total 
; Quantity. cost. cost. 
Potalior mont Passes ose eo ounce seem ee ene eee ae weise eis seiacienee tess cioe $ 
(CHERIG) (RTE G o So sopeonanos Saco sosu cases sor onc oc sadsesdtpouecese asses SsSsueseasososesnSs $ 
FORM 7. SIZE, 8 BY 12} INCHES. i 
f 
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DAILY REPORT OF CONSTRUCTION. 


FoRCcCE REPORT. 


Lost labor 
days. 


Effective labor days. 
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“suuvaT, 


REPORT OF MATERIALS USED. 


Rate. Amount. | Account. 


Quantity. 


Item. 


PROGRESS REPORT. 


Worked to-day. 


Completed. 


Activity. 


Station to station. 


Station to station. 


> gaa aE 


FORM 8. SIZE, 8 BY 104 INCHES. 
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Form No. 3.2. 
Sisal SE Rte eel ctchem Oe Te Ei ee tee eee CONVICT ROAD FORCE. 
(Name of county or State.) 
REPORT OF CONSTRUCTION. 
NCCOUTMGeeciajaies sess aise ee eee eee ee 5 OMI Oi ern iat onon moe eposise sere splolee 
INITIO IOnrO Adee eee Kandiofinoadeesss- eee CampriNosssblaces assess aces SIPTApILpee eee eee 
Date. Superintendence. Hired labor. Teams. Comes 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 © 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 "i 
30 H 
31 a 
Total days, 
: Assumed 
Wage nese a 
ssume 
Board oe 
etua 
Total rate amt e. 
ctua 
Total amount amlounte 
MATERIALS USED. 
Item. Quantity. | Rate.| Cost. Item. Quantity. | Rate.| Cost. 
Carried forward, Total cost, 
TABLE OF UNIT COSTS. 
Assumed] Actual | Approxi- 
se : . Total cost 5 Actual . 
Activity. Quantity. | Units. materiale! ipbor jebor meee unit aa K@GSt. Unit. 


FORM 9. SIZE, 12} By 16 INCHES. 
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Form No. 4.1. 
UE EI rete Ree ae ease em intas ees cia , CONVICT ROAD FORCE. 
( Name of county or State.) 
PRISONERS’ TIME SHEET. 
WampimNon.-sess-c-% PIACOn ce sae sheets aelaaete a leieie Monthiofpenneis: ee aeeeas , 191.. 
Sigmatire. je see ges. ee eh ayy. 3h dope ie , Supt. 
. | 
: Days Days aYS; Total 
Prison Days on Days of | Sundays 
Name. ay camp bad F +. | number 
No Toa duty. | weather. sickness. aoe aoe days. 
sO LAECATTICG {ON Wal Ge <siercletelotstete are | aele asiseS ea eae ai ate Valet eete ia eral are oe slate ave reicle-ctraietell biomes oes eae 
FORM 10. SIZE, 8 BY 104 INCHES. 
Form No. 4.2. 
Sette earings Mise eae ose oe tae ose , CONVICT ROAD FORCE. 
(Name of county or State.) 
MOVEMENT OF PRISONERS. 
Camp) No: 5s-.<5<<2= Place, 2 4ash See Ah Monthiof 26ers see22 eb eee , 191.. 
Slomature yy eee a3 5 See sete ee seer teers rere , Supt 
Qaybandsirstiday of month: 2h).-< sss. see se ct acs See sencie soos os See eis seers aaa ake sia 


FRECenyeCsGUTIng MON Geese oe pct sible te isysio ee ea wise ei Cy ae toe ere eS 
Recaptured and returned during month 
To be accounted for 


Escaped during month, and still at large. ........-...--..---.-------+---<-- 
DCIUACO Bee eee as sieecia aie sian /sleoaieiei-foejnie < meinl eins asic dee Ste DESAY BSE RnE Geeian 


Convictsion hand:.atendlofamonth ys 5 eee eek a a sete cee = 
Total (should agree with total above).....-.---------- cohaees 2 eee Af 
Remarks: 
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Form No. 4.3. 


BSE te Bear Sore cee sae , CONVICT ROAD FORCE. 
(Name of county or State.) 


DAILY REPORT OF SICKNESS. 
INO. OW GND -0¢ sbac onde aeecyesceocs ce osandeebedeosasdsoccen senee oo Sse condonoDecHooc seadsasseoUODaboSacuse 
TELE Coe We Sa aae a aac mati mates SNE fees Mee A NR AE et, oer eye Lelia eT Pek eee lt Nan, SEATIM o MRE eee, 
ID ALe omillnesss eamered: Osprey dS ew eb tee ie ee ae ae ER ok eed oe 98 ced ie gttetarare 
Davaomllness (aswst!/ 20.130) etc.) - 8. Saws se ose see eeieee see de ese sos a ses ape a ec ge then A a sr aa 
IN ATMIGOMCOM VICES s eps Se mie ce oe eee oR ee eee Re ae ee ete a ct BEERS S LIES Lg PNM TD OY REE 
Of what does the convict complain?...... A a Sot a ae Sry is ar Se Aes RP ee eee er cS 
What signs of sickness did he show to-day? 
Wihatireatment was piven to-day tecceus sees soon eons pea mee Ms NRE be: SE RO Soe 
Nese seen by; the doctor, to-daytos ces scicccc- cine = snss eee se eee SORE SE Coe Bia te tide ot) cee cmaees ae 
Doctor’s diagnosis to-day 


FORM 12. SIZE, 8 BY 103 INCHES. 
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All the reports were prepared without difficulty by the camp 
clerk, and the information was presented in such form as to render 
the segregation of costs for the various items herein reported com- 
paratively simple. 

A supply of the forms sufficient to serve the camp of 40 men for a 
period of about 2 years was printed for $95. The cost for the period 
from January 10 to July 10 therefore was less than $25. As the 
other duties of the camp clerk were of sufficient importance to have 
required such an official, even if the records had not been kept, 
the sole additional expense chargeable to the system of cost keeping 
for the 6-month period was this cost of $25. To indicate the value 
of the reports properly kept and used, it is necessary to state only 
that the saving on food alone made possible by the use of the forms 
during the period amounted to more than $350. 


SUMMARIZED COSTS OF MAINTENANCE. 


The various items entering into the maintenance of the convicts 
have been fully described in the foregoing paragraphs, and the cost 
of each has been stated on the basis of a convict calendar day. 
These costs are now summarized in Table 32, which shows that the 
total cost of maintaining one convict one calendar day during the 
period from January 10 to July 10 was 55.09 cents. 


TABLE 32.—Cost of maintaining convicts. 


Cost of Cost of 
mainte- mainte- 
nance Propor- nance | Propor- 
Item. per con- |_ tion of Item. per con- | tion of 
vict per total. vict per | total. 
calendar calendar 
day. day. 
Cents. | Per cent. Cents. |. Per cent. 
Preparation ofsite...........- -36 0.7 || Fuel and light........-.----- 89 1.6 
raters and depreciation on Subsistence: ~------ 2 sc 17.47 31.7 
CESAR SA ROE Ciceers 6. 23 12.4 || Medicine and medical atten- 
Water SUpDplYie Leas ences 1.71 3.1 GTO ee ed kee 1.62 2.9 
Pears disposal Bee ate ahaleeine ste -57 1.0 || Transportation........-...-.- 4.75 8.7 
Clothing eee ee eee 4.12 7.5 || Camp supervision.........--- 10. 49 19.0 
Laundry sees deeewaneesowe 2.26 AA Allis RODACCOLES acer cerieeeececeee -81 1.5 
Furniture and equipment... .. 2.91 5.3 —————_|\—-— - 
Kitchen and messequipment. . 30 0.5 Total eco sewncacecios 54.49 


To obtain the cost of maintaining one working convict one working 
day, which is equivalent to the wage of the labor, it is necessary to 
modify the above cost by dividing it by the percentage of time 
actually applied to the work after deductions have been made for 
bad weather, Sundays and holidays, camp duty, and sickness. The 
losses are shown clearly by the camp reports and are given in table 
33 in terms of convict days and percentages of the total available 
time of 7,174 convict days. 
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TABLE 33.—Convict labor lost to road work. 
Convict Percentage 


Cause. : days. of time lost. 

TEPEKG LEEW BOVEY RS Sp ee aC PLS A A Ce 371 5.17 
Sunudaysand: holidays sl) 4! Soe. NOOSA Saar he Pek 1, 056. 5 14. 72 
Coram dita. t2) sels Sica eset Wyle hs be cpt ets eh poe hs 659 9.19 
PSYC RY EIS sy mea Gn, a ae Pe Wl ARN A ee Ie 31 43 
Moye Sep SMe he aE TOS eg OTe Oe ee MAE RANE a 2,117.5 29. 51 


It appears from the above table that only 70.49 per cent of the 
total time of the convicts in the camp was applied to the road work. 
Therefore it is evident that the cost of maintainmg one working 
convict one working day is 


54.49--.70.49=77.30 cents. 
ROAD WORK. 


While the camp was under the observation of the Federal bureaus, 
that is, from January 10 to August 23, the convicts were employed 
on three different roads, namely, the Powers Ferry Road, Hemphill 
Avenue, and Heards Ferry Road. Only on the Heards Ferry Road, 
where the work consisted largely of road-machine construction, was 
the anticipated work completed during the period of observation. 

Powers Ferry Road.—The work on the road, which occupied the 
major portion of the time of the men, was done upon a section of the 
highway 9,900 feet in length, and consisted of grading, guttering, and 
surfacing with topsoil, together with the construction of incidental 
drainage structures. The width of right of way cleared was 40 feet. 
The new road follows approximately the old road bed for a distance 
of 7,000 feet, the remaining 2,900 feet being in new location. The 
surrounding country is heavily wooded and very hilly, and owing to 
right of way conditions and considerations of economy it was imprac- 
ticable to reduce the maximum grade below 7 per cent, which, how- 
ever, represented a notable inprovement over the old maximum grade 
of 12 per cent. The clearing and grubbing amounted to 9 acres. 
The total amount of excavation was 33,803.6 cubic yards, of which 
30,255 cubic yards consisted of residual micaceous clay and 3,548.6 
yards of rock, the latter a mica schist. Much of it was fresh and hard, 
but a small amount was in an advanced state of decomposition. 
Figure 1 shows a plan and profile of the road as constructed, and the 
earthwork notes which are shown indicate the character of the con- 
struction. The materials of excavation were transported in No. 24 
steel scrapers and dump wagons, the haul varying from a few feet for 
sidehill construction to a maximum of about 1,000 feet, the average 
being a little over 600 feet. 
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Two hundred and eighty-eight linear feet of 15-inch vitrified-clay 
sewer pipe was placed for drainage purposes, and a concrete bridge 
consisting of two 14-foot arches was begun at Long Island Creek. 
Up to the time the Government engineer was withdrawn the excava- 
tion for the foundations, consisting of 105 cubic yards of wet sand 
and clay, had been completed, and 62 cubic yards of concrete had 
been placed. The stone aggregate was secured from the excavation 
between stations 63 and 68, and the sand was obtained from the 
creek and hauled half a mile. Gutters on both sides of the road in 
all cuts were paved for a width of 3 feet with stone from the excava- 
tion, broken by hand to the required size; and 1,500 square yards of 
the top-soil surfacing had been spread when the experiment was dis- 
continued. The material was obtained from a field near station 
2 plus 00 and was hauled an average distance of 1,200 feet. 

This work, together with a small amount of miscellaneous work, 
consisting principally of the moving of a small country store off the 
right of way, cleaning gutters and repairing washouts, and the 
Heards Ferry road-machine work constituted the occupation of the 
convicts from January 10 to July 1, when the Hemphill Avenue con- 
struction was begun. Up to August 23, 5 acres of right of way had 
been cleared and 4,000 cubic yards of earth and.50 cubic yards of 
rock had been excavated and moved. 

Superintendence and free labor.—The road work was under the gen- 
eral supervision of the deputy warden who, though he also was respon- 
sible for the conduct of the camp, devoted about three-fourths of 
his time to the construction. He was assisted by two foremen who 
were in immediate charge of the work and men and whose entire time is 
properly chargeable to the road work. The wages paid to these officers 
are given on page 41. Besides these officials the only other citizens 
employed on the work were a blacksmith, who received $2 per day 
and board, and a driver, who was paid at the rate of $1.35 per day 
and board for the time he was actually employed. The latter was 
employed primarily for the purpose of transporting men and supplies 
from Atlanta, but a part of his time was devoted to the construction 
work. 

Teams.—From January to August an average of 12.92 pairs of the 
county’s mules were kept in the stable attached to the camp. They 
were valued at $600 per pair and it is estimated that they depreciated 
at the rate of 10 per cent per year. Harness cost $40.50 per double 
team, and it is estimated that it depreciated at the rate of 25 per 
cent per year. Actual records of the cost of feed and bedding show 
that this item amounted to $1.057 per double team per calendar day. 
No account is taken in this connection of the cost of shoeing, but 
proper allowance is made for it in connection with the cost of main- 


CONVICT ROAD CAMP, FULTON COUNTY, GEORGIA. 59 


taining the blacksmith shop. Based upon the above figures the 
summarized cost of one team per calendar day is as follows: 


Interest on cost of team at 6 per cent per year..........-....-----------2-- $0. 098 
Weprectaiiontor arteam/at10i percent per year-'2)-\ ys.) . 164 
imterest on! cost of harness'at 6 percent per year... 292.2020. oe . 007 
Pepreciation’ of harness at 25-per cent: per*year. + . 0.) s fee . 027 
iPterayel arene hovered Giovani I ne Ae A oe lees Hl. a 1. 057 

INGE Gots oer CaLeint bir CRN oe bee ee soonb score esoaodeh acs asccadeucne 1.353 


The records of the camp show that up to August 10 maintenance 
was provided for 2,351 team days, and the following table shows the 
number of team days actually employed and lost: 


Number ohitearmidaysiemployed es... ia ..H ao) ssaccsereseravernrerernlc ereterepereanicoeeue sere 1, 661.0 
Number of iteam days idle..-.--2...2+...-.26.-- ratets rarofareheperarahcicmanstuvarele SIE 244.5 
Numiber oftteam days lost by sickmess. ... 2). -).:2c--ije:areretereererereraretotate ieee HUIS 77.5 
Number of team days lost by Sundays and holidays. ...........-..-.--.-.. 368. 0 

Ot eammnd ays bOPA TIS. UOL:2 2:2 cc site cis cle etnias owes on ee sees waters 2,351.0 


It is evident, therefore, that the team days actually employed 
formed only 70.7 per cent of the total number for which maintenance 
was provided, and the cost of a double team and harness per actual 
working day therefore was 


1.353-0.707=$1.91. 


All work teams were driven by convicts except that part of the 
time of the one free driver which was spent on the road work. 

Construction equipment.—Table 34 is a complete list of the con- 
struction equipment used in the course of the experiment. 


TaBLe 34.—Construction equipment. 5 
Item. Number.} Value. Item. Number.} Value. 

Two-horse wagons...........- 4 $160)||)Mattocksie-s-scee-oeeeeenes oe 27 $8 
One-horse wagon...........-- it 30 || Wheelbarrows................ 4 6 
No. 24 wheelers............-.- 8 320 || Blasting machine............. 1 15 
Small road machine.......... 1 75) (EI CK sey ce Oe ea 24 24 
Steam drilland accessories... 1 300 || 39-pound stone hammers...... 8 6 
Portable boiler. ..........-.-- 1 350 || Miscellaneous repairs, steel, 
Blacksmith outfit and small leather, horseshoes, etc.....|..---.---- 374 

WOOIS eee cones ceccesess <5: 1 100°) Stables) shop) etess2 2-0 - ss osele s+ sees 150 
Grading plows..............-- 2 50 a 
PASE OS Meme mucmee Ne Ocul 24 15 od Woy 2) Da ey Se RO ear Sen aioe 2,008 
Short-handled shovels. ....... 36 25 


The customary allowances have been made for depreciation of this 
equipment and the costs have been properly charged as “‘equip- 
ment” to each item of construction in Table 35. 
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TABLE 35.—Summary of cost of construction. 


q POWERS FERRY ROAD. 
Earth excavation: 


Materialsaue. sou ecsaes Le ee NAS AN OS Lah AC ale re A 
NBS cyuasigo manera Ge 2 wR eae en ae ay a Pal ye one A 
GeneraliiexPenseee yy eee ese ah asia ye ele al le oly A i 
Convict labora aaa Se ra rac ur vgs ase aes eae te 


Quantity of excavation, 30,255 cubic yards. 
Cost per cubic yard, 20.6 cents. 
Rock excavation: 


Bquipmemtel io. fc cose ole aienon Bana fem aa 
General expense. 203 25 joc). iets Wet Seiler yay Geld ead gi 
Comvactilabors ie eee al. cee cie dias CUCU INGE Uns oes, Rta 


Quantity of excavation, 3,548.6 cubic yards. 
Cost per cubic yard, 54.3 cents. 
Clearing and grubbing: 
SUPER VAST ORIN ase NSN MOTI SR EE SRN RAO FAs SUL Sus TNE 


DOTS 09 20) aU Se ea pat ees es aah eR aR IRAN DE I IR  S2 
General expense. o.oo... ee tyes ¢ 2 gates ON Pe hae Vs 
Convichlabor: sess e408. aig AM Mea 28 Ui eS lel 


Area cleared and grubbed, 9 acres. 
Cost per acre, $68.24. 
15-inch vitrified-clay pipe: 

Wig SUL OE-VASTOTI Ae hy Ahi yh aE UT Bekele AIS orto TAR a 
Material ser se eae ee acres Wy hae te ey pe thare ayaa Moda di eg asian Sh 
IYO ENC e470) 0\ at AOE RO NIN ee gl RRRIN LUNN | AMR NN gay tlm RR 
Generabexmense foe cscs cae aan eee) Mk ata NC Ie eee AAG 
Convict labor nee eee ieee ep yrml tie LUN uc ete Rh 


Amount of pipe laid, 288 linear feet. 
Cost per linear foot, 44 cents. 
Concrete masonry: 


Amount of masonry, 62 cubic yards. 
Cost per cubic yard, $4.83. 


Cost. 
$442. 65 
2, 462. 85 
314. 19 


Per cent. 


te 
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PAVING GUTTERS TOP SOILING. 


WET EXCAVATION DROP INLETS 


DIAGRAMS SHOWING COMPARISON OF COST OF CONVICT LABOR WITH TOTAL COST 
OF WORK. 
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EARTH EXCAVATION Rock EXCAVATION 


VITRIFIED Pire. CONCRETE MASONRY 


DIAGRAMS SHOWING COMPARISON OF COST OF CONVICT LABOR WITH TOTAL COST 
OF WoRK. 
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Wet excavation for bridges: fh Cost. Per cent. 
‘SUD SE VTISHIOTATD, cht ae ce ISN a a a A art ea $16. 28 22.5 
“LES oT US) nl Ne RS ERD Sa 10. 55 14.5 
[Ey Oty AUS GME a Se a Ek or 42 6 
| SSTTUSTER (25 01 eae eR BU ea aL eee 4. 60 6. 2 
Co UUUGNVTN CT Ead Fi O10 ay tlle ae at Na) ROI LS a a 40. 61 56. 2 

TCE ea ee LN ah GAR SD es EO en AGP ee 72. 46 100. 0 


Quantity of excavation, 105 cubic yards. 
Cost per cubic yard, 67 cents. 
Construction of drop inlets: 


“STV ELEN PISLSY SY A Gey CSAS EOE NR eA eM Cao eS ta CM 21.73 13.1 
“SENTING ph Shes cel cl a a On ee 10. 86 6.5 
POM ECT EM Ses phy nya bah vert tah tore to) pap gett AA YO 75. 95 45.7 
TEs SUES CSE ie NS Ip ea A ag i deal eS On 
PreHCL MEK PCNSC gas) 5 se ES UL REESE SST EERE SSS 5. 78 3.5 
DAMM OL ais Sete a ee aa ee 51. 92 ol2 
I fed pee ran gle See es acm NE pu me ALON Ae ea 166. 28 100. 0 
Quantity of masonry, 51.6 cubic yards. 
Cost per cubic yard, $3.22. ia 
Gutter pavement: 
Suvervision. ....---- BS pent gM Ao RSI alo) rg ata 112.35 13.1 
“NERDS, cfs 3 See SP ears sa SS mnie net ne eS RI ee ete 187.97 21.8 
TSIGITAS OSTA KES TT he ae eel ee a ee a ee ee 4.71 ay) 
REC HEETMCMDCIISO Marae aS esas essere sea ea alate Boden 54. 59 6.4 
(OUDIE VT Bf, L101) ee ate eee ea ae RU 499.78 58.2 
PAR il epsom crea xe te eA BINS ee MTN LR ee ere os a 859. 40 100.0 


Area of gutter pavement, 4,747 square yards. 
Cost per square yard, 18.1 cents. 
Top-soil surface: 


SSD TEVSTRIAISTO) 0 ees ep Peer ge Nem OITA ac Ee ah 7.43 10.7 
"LET SSEAS(S 3 2S ay an So Eo RA I os ae 34. 38 49.0 
SEPIMR ISOC T G8 2s, oc. A ais as Sa am Sik ee Re nL OTR 38 .5 
PrCHETANERIPCNSOs 4.000.220.2020. cede caiecacsetsctentsessedeses 4.45 6.4 
CSOD T SLE OF 0) a a a ne ne Pg ON 23.43 33.4 
PEN Det eee rst po eM ose etic a Us i Nn Matias Malian a all 70.07 100.0 


Area of surface, 1,500 square yards. 
Cost per square yard, 4.7 cents. 
Miscellaneous work: 


"TNGNENT GOTSRE sc Se SSS TESTER 28a ata E82 ce MN er ES a $270 
RECAPITULATION. 
Cost of Power’s Ferry Road Work. 

TEER TN OAT UCN a Se es AS ea ee nO A ys SNS PEAT 47, DEN eR RN $6, 236. 81 
SV RGAE ZERGAAVEN AND) di Eee eas Beh sere LG NR aR AIRE or eetesi eal ete 3 TY ee UGE DA 1, 927.66 
Bieamecem dorm WING see ot hu sl ae eee pa cea radar 614.17 
Cab SLE ORG OLE samc) aa Vere Bek ee Ne IN aes he aI ND 126. 94 
BIOL OLE PEAS O TED Vier oh i ri pu Nolceltioete > Py rate Sih ain aa Ee ee Se 299. 02 
Bimie enn OTE TOP ITI OC ee 6 NR cin a EL ML RR GU nL Na Ol 72.46 
LETT Lee eS oe aE Fa A te ae a rg nA 166. 28 
CS TLIBESEE TUBA STT ST FG UG Ea a lg eh) A 859. 40 
“Teeppe Scall Sia eyes se se IRIE i LCM A RB 2 a Ua 70: 07 
WISP ee A COUS WOE Ke ii setae Seer ne ai MeN aN OAM LC Cd MN 270.00 


PRG GaNIVC OBER ayy era re se aa sed Aen Uae TRAM US HIN GANS allt 10, 642. 81 
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HEMPHILL AVENUE. 


Earth excavation: Cost. 


SUPOL VEST OT |). SA GRA See ieee eek oer ena eee Ree a ea ee Ce $37.90 
cre 01s a os nt a ee Ua Hl UE ag Ne EY APIO EE 226. 67 
ASST H HGH G) 045911 A wh ul eth Smet es mn oO Lec EE oa 28. 55 
Generaiex pense ee tment abe peer eee tease caneyame alah aoe 31.40 
Convatigt bor: ct te ue nse eae ei era emai ga 195. 23 

DOtals ss c858 be oe tessa co ne sce ee ASA SAT 2 Yen gh ele 519.75 


Quantity of excavation, 4,000 cubic yards. 
Cost per cubic yard, 13 cents. 


Rock excavation: 


SUPE VAson =)... eaeereeeeeM Sn A 1.60 
PE COIN Sie fs). _.:, Bam ee NN Ne ee 3. 82 
Ma terials.) 2: Pee Memes rpmpan antes LOE Ua a eM 13.35 
AGT OD oy cole) TU pM Mes AIL Ae eee aan C YR 1.72 
Generaliexpense: -- Seemnrraiap sia S02). Oe 93 
Convietdabore. 2 Seer le ce a ee 7,02 

Motal os Sey. o ois is Nae oe eee eee eke oe ae 28.44 


Quantity of excavation, 50 cubic yards. 
Cost per cubic yard, 56.9 cents. 


Clearing and grubbing: 


DUPER VASIOM: aes saree ns mtn een ol tr Peele tata ye 11.61 
SE TOTS Eh AP A A hc ne Aha nS ee 20.41 
Material swan ones rakr alms teens es sae ese Tak ee Cae re 3. 86 
UIP MEMES coke AN Re MEN eee RN eS ee 1.80 
(Tenerallexpense: nie sn Mencia eines Ll tole clas cn aires 6.53 
Womyactlal oni oe esis Seok ee a eae i ok ep 63. 26 

AEG tall ae et ea oe ass as IA 2 ee od Cie Gane 107.47 


Area cleared and grubbed, 5 acres. 
Cost per acre, $21.49. 


15-inch vitrified-clay pipe culverts: 


SY GW aN ee) EY OP eh 5% tA SG ee Se 11.52 
Generaliexpense:| aye soe U ee Balch Ne cae 26 
Wonwa et labors ee es a iG cape Ee eave ie cM Jess en Na ea 3.90 

Ty Gea es eo ey CTS ECP EI ca RSs en Rta Ee 15.68 


Amount of pipe laid, 32 feet. 
Cost per linear foot, 49 cents. 


RECAPITULATION. 


Cost of Hemphill Avenue work. 


RAVEN Ox Cava tlOT seem ENT ATE LO Ue rep G m e NY STN pRNRee  OaeUy 
OC K eN ea VabTOm ay ew GNA S180: ARID VAC BARIN Se ps SODAS oc a ee cae Sc 
Cleamneiand orub bine won eis ee eles ae serge ete ie eet en eae es aaa 
Culvertmrpein place so. 25s Oe ea aes ay 0) eat eo) 0 eee a 


DOR zH B) GPO S| Hun Dee eA tN INDE CAD cl OM up NG A en a A ee a Pt 


Per cent. © 


28. 44 
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: f HEARDS FERRY ROAD. 
Clearing and grubbing: Cost. Per cent. 


ener reTOme se uter EIEN A RD OL CRT $7. 70 8.3 
[Reamsr asses a. (Sas eae ee ea mo knoe aNriay: mrad 20. 71 22.0 
Materials tet ee Posen ee cee By es yk bla fay. po uie, opsah 2 20. 64 21.9 
POuIpMeNGes se se ee ee a Mg ee 1.27 1.4 
SCOUT irl Garg SY STONSY Sm NN at eae AN ag a AON 4.64 4.9 
O BVT LE ayaa Sake oh i at lh el ed dh 39.05 41.5 

LGR RE ECR Rn eer SEE ete) See en eae teas Op 94.01 100.0 


Area cleared and grubbed, 2 acres. 
Cost per acre, $47. 
Earth excavation (by road machine): 


SEDER VAGIOM) ents 3/1 Nop MEINE a EE A beara a er 7.24 6.8 
INEST ye ty nee ee eRe ae pn MEE ee een Sg See) Sonya on 42.02 39.8 
| DiS Ui ONea Ts 0178 Se eae ie Aes ane en oer ene aM Pr GHEE Bi a 12.99 12.3 
ReGTECT A OMEMSE Hise oes. Weel thats alg tt Nec Mra Be ar pea SS 3 5. 92 5.6 
SON CUM BOUL ceases Seine ee ee eo sie ta oiaicrs eee are ea 37. 49 35.5 

PRG tillers Seep apt At Le NE cae aa ee 105. 66 100.0 


Quantity of excavation, 1,667 cubic yards. 
Cost per cubic yard, 64 cents. 


RECAPITULATION. 


Cost of Heard’s Ferry Road work. 


Ae AMI ATR S TAU OWING sae. ter ale elas ajccin os RS ee ace cteiaiale ele me ie $94. 01 
| ESIGR HO, GBC IOT SS panel hehe epee PIR ENS Oe Ren eC 105. 66 
BIN fell pre orreeseren oes LIC px Beene Rear on ani ae pts nate aeRO anh 199. 67 


In these tables the item ‘‘general expense” includes the wages and 
board of foremen on Sundays and holidays, the wages and board of 
the blacksmith, and the wages and board of the free driver when he 
was employed on work of a general nature. 

The total amount of this expense was $632.02, made up as follows: 


GENERAL EXPENSE. 


“SOPGSTPISTIOTD Ph i ale ae an Det ie ata TT I eo $279.35 ~ 

183k) Kegsymrai ahah Glo Reg le IT 1A aU i NR EC Sa ea 333. 66 

Tey aeyey. GURNEE eS Et SG GRIN A Se AN SUS BUENO ap SPD ete ce 19.01 
BTN Cote et pepsin epee) en peti cYaeeL ure t ae t | Py iAIe mH) Siren ene eet eC. 632. 02 


As the only saving which can be made by the use of convictlabor 
must be derived from the labor itself, it follows that the kind of work 
best adapted to the employment of convicts is that in which the labor 
cost forms the largest part of the whole cost. To indicate the differ- 
ences between the various kinds of work performed by the experi- 
mental convicts, the column headed “per cent’”’ has been added to 
the cost tables, and the diagrams shown in Plates VIII and IX have 
been prepared. They indicate very clearly that, of the various kinds 
of work performed, clearing and grubbing and excavation are best 
adapted to the employment of prisoners, and that such work as cul- 
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vert and bridge construction is to be avoided whenever possible. It 
should be noted that the exceptionally high percentage in the case of 
gutter pavements represents only an apparent advantage in this 
kind of work, as no charge is made for material which ordinarily 
would form a large part of the cost. In the Atlanta construction 
the rock was obtained from the excavation without cost other than 
that of hauling and breaking to size. 

The economy resulting from the employment of the convicts in this 
work and the high degree of efficiency with which they were main- 
tained and organized are proved by the low unit costs of the work, as 
shown by the tables of costs. That the efficiency of the experimental 
camp workers was distinctly above that of the other county squads 
was noted by all who observed them at the Lakewood fair grounds, 
where they worked side by side with representatives of other camps. 
Finally, the fact that such costs could be obtained under the severe 
conditions surrounding this experiment affords the most convincing 
proof of the soundness of the methods of organization, discipline, and 
convict maintenance employed. 
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THE CONTROL OF HOG CHOLERA, WITH A DISCUSSION 
OF THE RESULTS OF FIELD EXPERIMENTS. 


By A. D. MELVIN, Chief of the Bureau of Animal Industry, and M. Dorset, 
Chief of the Biochemic Division. 
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NATURE AND PREVALENCE OF HOG CHOLERA. 


During the past three decades hog cholera has probably caused 
greater loss to the farming communities of the United States than 
any other animal plague. Originally appearing in the States of the 
Atlantic seaboard and of the Ohio Valley, it has gradually spread 
over the entire country, until at the present time the disease may be 
said to exist in endemic form in all parts of the United States. It 
is not always equally prevalent, but, on the contrary, at intervals 
assumes the character of a severe epizootic, sweeping over the entire 
country, only later to subside for a period of years, after which it 
again increases in prevalence. This characteristic of periodic preva- 
lence is well illustrated by the accompanying chart (fig. 1) prepared 
from statistics collected by the Bureau of Crop Estimates of the 
United States Department of Agriculture. 

For many years it has been known that hog cholera is an infectious 
disease, produced by a specific microorganism which develops in the 
bodies of affected hogs. Only swine are susceptible. The existence of 
the infectious agent in the bodies of infected hogs may be: readily 
demonstrated, but all efforts to isolate and grow the virus in labora- 
tories have resulted in failure. The microorganism in this respect 
resembles those which cause foot-and-mouth disease of animals and 
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the very fatal yellow fever of human beings. The fact that the 
precise nature of the microorganism causing hog cholera has not 
been determined does not seem, however, to be an insuperable bar- 
rier to successful methods of control, for it is recognized that the 
virus is propagated exclusively in the bodies of infected hogs and 
from them conveyed to others. Knowing this, at first thought the 
problem of control would seem to be comparatively simple. Quaran- 
tine or slaughter of infected herds, supplemented by careful disin- 
fection, are clearly indicated as effective measures. But these are 
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Fic. 1.—Losses from hog cholera in the United States, years ending March 31, 1894-1917, 
inclusive. 


drastic measures, and before their adoption the cost of their enforce- 
ment must be weighed against the chances of success and the relative 
advantages of other modes of procedure. 

In Canada there are several million hogs, but cholera has never been 
widespread there. When it has occurred the veterinary authorities 
have promptly checked the disease by quarantining the farm, slaugh- 
. tering all hogs, disinfecting the premises, and prohibiting the re- 
stocking of the farm for a period of three months. In Canada, then, 
we apparently have an instance of the successful control of cholera 
by quarantine, disinfection, and slaughter. In Great Britain, how- 
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ever, the case is different. There the disease is as widespread as it 

is in the United States. There, as in Canada, for many years the 
policy of quarantine, slaughter, and disinfection has been followed, 
but not with the same success. Hog cholera still exists and at certain 
times shows the same tendency to increase that is observed in the 
United States, where no country-wide systematic effort at control has 
ever been attempted. A number of factors have no doubt operated to 
prevent success in Great Britain by methods which have seemed to be 
effective in Canada. Among the most important of these may be men- 
tioned a large number of hogs in proportion to area, wide dissemi- 


- nation of the disease, and numerous avenues of communication and 


traffic through which the disease may be spread. 
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Fic. 2.—Course of hog cholera in Great Britain, 1894 to 1916. 


The course of the disease in Great Britain during the past 23 
years 1s indicated in figure 2. 

With the experience of Great Britain as an example, we in the 
United States with widespread disease, great numbers of hogs, and 
many channels of communication to serve as conveyors of infection 
could certainly not enter upon a campaign of eradication by quaran- 
tine and slaughter with any assurance of success, despite the fact 
that at first glance the problem appears to be simple. Then, too, 
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the cost must be considered. An army of thousands of employees 
would be required, millions of dollars would be needed for the reim- 
bursement of owners, and the interference with the hog industry of 
the country would be so great that any such campaign for the eradi- 
cation of hog cholera instead of proving a boon might come to be 
regarded by the hog raisers of the country as a calamity. 

With the above ideas in mind, the United States Bureau of Animal 
Industry has given much study to the development of some practical 
working plan. for controlling losses from hog cholera. With this 
object in view, laboratory researches and field experiments have been 
continuously prosecuted for a number of years. 


THE SERUM METHOD OF CONTROL. 


As early as 1904 the Bureau of Animal Industry announced the 
discovery of a serum which would protect hogs against cholera. 
Work was continued, and in 1908 representatives of the various 
States were made acquainted with the methods of producing this 
serum, with the hope that its widespread application might serve to 
accomplish what it seemed unwise to undertake through methods of 
rigid quarantine and slaughter. This anti-hog-cholera serum grad- 
ually came into general use, and the original statements as to its 
efficaciousness were thoroughly substantiated by successful use in 
practice. 

The development of this serum afforded a new weapon for attack- 
ing hog cholera and gave rise to the hope that it might be employed 
at least to reduce losses and perhaps ultimately to eradicate the 
disease. 

In 1908 a plan for the employment of serum in control work was 
suggested by one of the writers (Melvin) in an article in the Twenty- 
fifth Annual Report of the Bureau of Animal Industry. This plan 
embodied the following features: 

1. Division of a State into districts. 

2. An adequate supply of serum. 

3. Prompt notification of outbreaks. 

4, Quarantine and disinfection of infected premises. 

5. Prompt treatment of infected herds with serum. 

6. Immunization of neighboring herds by inoculation with serum 
and virus (simultaneous inoculation). 

This plan seemed to possess many advantages over the method of 
quarantine and slaughter. If properly carried out, a large propor- 
tion of each infected herd should be saved and become exceptionally 
valuable on account of the immunity which would be established. 
The business of the farmer would not be seriously interfered with, 
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as all new stock could be immunized before being brought upon the 
infected premises, while the immunization of neighboring herds 
probably would lessen greatly the chances of spread. All things con- 
sidered, then, this plan seemed to be one that would enlist the coop- 
eration of farmers and at the same time do much toward reducing the 
losses from the disease. 
On July 1, 1913, the Congress of the United States appropriated 
the sum of $75,000 to be used for the purpose of ie demonstrating 
the best method of preventing and eradicating hog cholera,” and 
later, on February 23, 1914, supplemented this with an additional 
appropriation to permit work on a much larger scale. With these 
funds extensive field experiments have been carried on, and it is the 
purpose of this paper to discuss the results of these experiments, both 
with respect to their bearing upon the broad questions of control and 
upon certain important, though minor, questions that are involved. 


FIELD EXPERIMENTS LOOKING TO THE CONTROL OF 
HOG CHOLERA. 


As stated above, the first appropriation for field work became 
available on July 1, 1913, and the work itself was begun at that time. 
The plan was to try out in several small areas the procedure sug- 
gested and outlined in the preceding section. A single county was 
adopted as the unit area for the experiments, and during the first 
year work was carried on in three counties, namely, Dallas County, 
Iowa, Montgomery County, Ind., and Pettis County, Mo. Later, 
in the spring of 1914, when more money had become available, other 
counties in other States were added, so that in the summer of 1914 
active work was being carried on in 14 counties in 12 different States. 

In each county the United States Department of Agriculture 
placed three veterinary inspectors and one clerk, previous arrange- 
ments having been made with the State agricultural college and 
with the State veterinarian or live-stock sanitary board for cooper- 
ation in educational work on the one hand and in the enforcement 
of the necessary sanitary regulations on the other. 

At the beginning, in each county steps were taken with the aid 
of the State agricultural college to inform farmers of the objects 
sought, of the characteristics of the disease and channels which serve 
to convey it, and of the importance of promptly reporting outbreaks. 
A census of hogs and of losses from diseases was taken, and the 
existing centers of infection were located as far as possible. To 
obtain the cooperation of the farmers, which is an essential to suc- 
cess in work of this nature, organizations of farmers were formed 
in each township, consisting of one leader and eight district repre- 
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sentatives. Each of the district representatives was charged with 
the duty of reporting the occurrence of disease among hogs in his 
district to the federal inspector in charge. The State veterinarian 
was to have all local stockyards and loading places cleaned and 
disinfected and to cooperate with Federal officials by instructing 
- owners of infected premises concerning methods of disinfection, and 
by supervising such operations. ‘The Federal inspectors, besides par- 
ticipating in the sanitary work and the work of organization, were 
particularly charged with the administration of serum to infected 
herds and the immunization of neighboring herds. To avoid antago- 
nism on the part of farmers, a partial quarantine only of infected 
premises was enforced. 

It will thus be seen that work was done along three principal lines, 
as follows: 

1. Organization and education, 

2. Sanitation. 

3. Serum treatment. 

In practically all of the counties hog cholera was widespread when 
the work was begun, and it was soon found that many difficulties 
lay in the way of carrying out the plan proposed. In the first place 
the great prevalence of disease soon rendered it impracticable to 
attempt the immunization of healthy herds on farms surrounding 
an infected farm, for the reason that the supply of serum and the 
number of inspectors were insufficient to carry out that plan. For 
each infected herd it would have been necessary to treat from 4 to 6. 
neighboring herds. This was only one of the difficulties encountered. 
In the beginning of the work, particularly, the farmers as a whole 
were apathetic and showed little interest in the experiments. Many 
were skeptical concerning the value of the serum, and it was not 
unusual to find in districts supposed to be canvassed by cooperating 
farmers herds which had already been infected for weeks without 
any report whatever of the condition having been made to the in- 
spectors. 

Thus it will be seen that at the very outset the carefully prepared 
plan of procedure was found to be impracticable, chiefly because of 
extensive infection and the lack of interest displayed by the farmers 
themselves. Therefore a change in the details of the work was 
decided upon. The immunization of healthy herds in the neighbor- 
hood of outbreaks was abandoned. More time was given to educa- 
tional work through addresses to assemblages of farmers and by 
personal visits to individuals residing in the vicinity of infected 
farms. This educational work was directed particularly toward ex- 
plaining the ways in which hog cholera is spread and urging the 
importance of sanitation and the establishment of a voluntary quar- 
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antine against infected farms. The properties and limitations of 
anti-hog-cholera serum were also fully discussed. 

From what has been said it will be seen that these experiments for 
the study of the control of hog cholera partook only to a small degree 
of the characteristics of the usual control methods. Strict sanitary 
police measures were replaced by organization and education, and 
torce was replaced by argument and explanation. Now, after three 
years of effort, the original indifference to the work has, for the most 
part, been replaced by genuine interest and willingness to cooperate 
on the part of farmers. It is interesting to consider the results. 


RESULTS OF FIELD EXPERIMENTS. 


The results of this work may be considered from four different 
viewpoints: (1) Cost of the work; (2) prevalence of the disease; (3) 
losses from cholera; and (4) gondition of the hog industry. 


COST OF THE WORK. 


The principal item of expense in connection with this work is the 
salary list of field inspectors. Next in importance is the cost of the 
serum, and to these two items must be added charges for trans- 
portation, equipment, and general supervision. The cost per county 
to the Federal Government has averaged a little less than $9,000 
a year. In most cases the amount expended by the States has been 
small, and it is safe to say that the total expenditures on the average 
have not exceeded $10,000 per county per annum. 


PREVALENCE OF THE DISEASE. 


The actual effect of this work upon the prevalence of hog cholera 
is difficult to determine. As shown by figure 1, the disease, consider- 
ing the country as a whole, varies in prevalence from year to year. 
Furthermore, these experiments began at a time (1918) when hog 
cholera had almost reached the pinnacle of one of the periodic waves 
of prevalence. During 1914 there was a decrease in some sections 
and in 1915 the disease was on the decline in the country as a whole, 
though it is true that in some localities it did not materially abate. 
Bearing these facts in mind, we may consider the number of out- 
breaks (that is, individual farms upon which the disease appeared) 
that occurred in the several areas during the experimental period, as 
shown in Table 1. 
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TABLE 1.—Number of infected farms in counties where experimental work was 
carried on, 1913-1916. 


Farms infected. 
State. Cobre 
1913 ! 1914 1915 

Georeial sl eRe SSE oe hs a eed AT ae Deecabuine isa see css \ee ee 764 250 
ICG Hay) ao RS AS RIN SU RSA a UE wim Re Se cepa ee eile Oye Lysates 92 |. 103 
I BGYO RENO Te ays fo aha opie: ape rt) OM pliteees AIM eae Sir A ala ee ys Pa a Hendricks ees a olewe ca ee 446 247 
D Montgomery....-.-.. 376 324 393 
Clay eee can seed. Fete be 130 32 

Dallas eee. 324 302 82 

Marsha to eye 2 arepen |i aya 278 48 

1 ERCES TTC) £95 PO aa A pn Pa pe iendersonbeeeeeesee lee ee eee 157 163 
NUDKG) gULe ee Nar = SM ayes ot ele eae ALR Eee aie aL BTA Che einer ne eae ae 96 19 
Minn CS otal eee eres a-ha eere bela hes emneny 5 0 aut ae eos Renvallea neti eer 8) a ae 616 74 
IMESSO UTR EOE So's) MIRE Se Ae RBM Sr We MLN Ue oe Pettise ee ee 211 324 281 
ENIG DV AS IANS OS is eeeieyae te (acerca A ths ao im ur eae cl Gage and Johnson...|...-..-. 420 86 
PSXOWU HE) at) 1D few eto He Weer st are A a ee ee AL Da VASOTE ae ees ee 2 am 269 116 
FIRCTATICSSO OEY e ah PAB etree SERA mL RR aN Mauryjer icy ee eee es 20 dae 517 462 


1 Only 3 experimental counties in 1913. 


It is unfortunate that the data contained in this table do not cover 
a greater period of time and that similar information can not be fur- 
nished for a number of counties immediately surrounding each ex- 
perimental county. Nevertheless considerable information is afforded 
by the table in its present condition. 

For the purposes of analysis it will be sufficient to consider the 
records of the three original counties. The table shows that with re- 
spect to prevalence of cholera these counties are not in agreement, 
for while the number of outbreaks steadily declined in Dallas County, 
Iowa, they increased slightly in Montgomery County, Ind., in 1915, 
while in Pettis County, Mo., though somewhat reduced in 1915, they 
yet exceeded the record of 1913. What is the explanation of these 
figures and how are these differences to be accounted for? 

A separate consideration of each of these counties is necessary to 
obtain an answer to these questions. As stated above, no figures are 
available on the number of outbreaks in surrounding counties during 
the same period. However, some data relative to total losses from 
cholera in neighboring territory have been obtained, and this informa- 
tion enables us better to understand the records of these three experi- 
mental counties. 

With reference to Dallas County, the table shows that the disease 
was most prevalent in 1913, slightly reduced in 1914, and greatly re- 
duced in 1915. It is a fact that hog cholera in the State of Iowa as 
a whole followed somewhat the same course, being much less in extent 
in 1915 than in either of the two preceding years. Furthermore, a 
carefully prepared estimate, following personal investigations of the 
losses of hogs in 1913, 1914, and 1915 in seven neighboring counties 
where no organized fight against cholera was being carried on, shows 
the same progressive decrease that occurred in Dallas County. The 
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reduced losses in these counties must have been due in the main to a 
decreasing prevalence of disease. It is clear, then, that although the 
experimental work may have served to keep the number of outbreaks 
lower than it would otherwise have been, it can not be said that the 
reduction in outbreaks in Dallas County, Iowa, was due to that work 
alone. 

It is very interesting to compare the records from Montgomery 
County, Ind., with those from Dallas County, Iowa. In the former 
area the disease during the three years of work has shown little 
change in prevalence. It decreased slightly in 1914, only to increase 
in about the same degree in 1915. It is a matter of record that 
throughout the State of Indiana hog cholera showed no indication 
of decreasing in prevalence during the same period. On the con- 
trary there were indications of increased prevalence in the State, 
taken as a whole, particularly in 1915. A personal canvass of four 
Indiana counties adjoining Montgomery County.showed that in 
them the percentage of loss from cholera increased steadily during 
the three years. In other words, in these neighboring counties where 
no systematic work was done the disease seems to have pursued about 
the same course with respect to prevalence as in Montgomery County, ~ 
where continued work was carried on. Of course the actual losses 
in Montgomery County were much less than in the surrounding 
counties, due to more general use of serum. 

In Pettis County, Mo., the results were much the same, though it 
may be noted that there was no increase in prevalence there in 1915. 
In counties adjoining Pettis there appeared to be a distinct increase 
in the percentage of hogs lost from cholera. 

It seems unnecessary to consider individually the remaining ex- 
perimental counties where only two years’ work has been done as 
against three years’ work in those just discussed. 

The fact that the control work did not serve to eradicate the disease 
is self-evident. Considering the records of outbreaks in the three 
original counties in comparison with the losses in neighboring counties 
during the years 1914 and 1915, we must conclude that the reduced 
prevalence in most of the experimental counties is probably a for- 
tuitous circumstance, and at most only partly attributable to the 
experimental control work. It must be borne in mind, however, 
that these conclusions refer only to prevalence of outbreaks of dis- 
ease and not to losses from cholera, for with regard to losses the case 
is entirely different. 


LOSSES FROM CHOLERA, 


Tt will be remembered that in all of the experimental counties one 
of the duties of the field inspectors was to search out the infected 
farms and apply the serum treatment. This work had a dual pur- 
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pose—to save the hogs and to cut short the disease, thereby mini- 
mizing the chances of its spreading. We have seen that the second 
object was not attained to any appreciable degree. The effect of the 
work upon the actual losses of hogs from disease is a subject that 
requires more extended consideration. 


TaBLeE 2.—Sitatistics of hogs raised and hogs that died of hog cholera in 14 
experimental counties, 1912-1915. 


1912 1913 
County and State. eee wor 

ag OS Hogs died Eiaes Hogs died 

raised. 8 7 raised. USS URL 
Number. | Number. | Per 1,000.| Number. | Number. | Per 1,000. 
Decatur Gane s- seen ree ee Aug. 25,1914 48,418 8, 546 176 52,797 12, 225 231 
Twin Falls, Idaho.....-.-- July 6,1914] 47,673 3,163 66 | 82,563] 12,978 157 
Hendricks, “Tid. See eee Sept. 3,1914 63, 259 13, 532 204 72,211 12,908 178 
Montgomery, indete: .----| July 5,1913 77,403 24,404 315 78, 813 5,136 64 
Clay lowas<.-c- See joc ~ July 10,1914 73, 065 25, 000 342 87, 953 30, 266 344 
Wa aSMlo wasn ween July 1,1913] 84,618] 19,821 234 | 118,550] 12,000 101 
Marshall, Kans..........-- July 6,1914] 65,294 3, 853 59 | 72,036 7, 230 100 
Henderson, Key. bese cost oc July 22,1914 35, 814 8, 743 244! 30,866 3, 934 127 
Branch, IM Chi. wane Le Ga May 28,1914] 46,170 1, 209 25| 55,338 4,039 72 
Renville, Minn.........-=- May 8,1914 65, 790 8,998 136 85, 699 43, 403 564 
Pettis, No Se: a Aug. 1,1913| 59,661 | 18,853 316 | 107,151 6, 336 59 
Gage and Johnson, Nebr...| Mar. 31,1914 76, 591 5,445 70 80, 949 6, 012 74 
Davison, S: Dak.......-..- Oct. 6,1914 39,620 2, 270 36 57, 695 16, 248 281 
Maury, Tenn.............- July 21,1914| 73,234 8,399 114| 69,787 6, 360 91 
POtaE ee. SPR Wee |e ---| 856,910 | 152,236 177 |1,052,408 | 179,125 170 

"4 1914 1915 
County and State. Dee work 

ou Hogs Hogs died Hogs Hogs died 

raised. 8 : raised. 08 z 
Number.| Number. | Per 1 ,000.| Number. | Number. | Per 1,000. 
DecatuneGars--eeeeee eee Aug. 25,1914 55, 000 11,618 211 80, 000 7, 595 95 
Twin Falls, Idaho...-..-.--- July 6,1914} 100,000 a 269 12} 150,000 1,487 10 
Hendricks, ios. ee Sept. 3,1914 85, 955 4 065 42} 107,205 3,075 29 
Montgomery, Ind....-.---- July 5,1913 85, 119 2, 296 26 141, 000 5,179 37 
Clay Wowaessses eee July 10,1914 89, 874 4, 209 46 92, 703 578 6 
Dallaswowal tee July 1,1913| 138,320 6, 810 49 | 124,540 1,939 16 
Marshall, IE a as Cases 2 July 6,1914 65, 592 3,432 §2 | 101,207 561 5 
Henderson, Keygens nee July 22,1914 20, 000 2,907 145 20, 000 1,980 99 
Branch, Mich SR AEE Ae May 28,1914 57, 878 715 12 60, 000 210 4 
Renville, Manne eee ne eee Mey 8, 1914 100, 722 5, 069 50 108, 360 347 3 
‘Pettis: Mor.” Seeho tee Aug. 1,1913 |~ 136,030 5, 847 42 | 149,633 2,906 19 
Gage and Johnson, Nebr...| Mar. 31,1914 71, 059 3,541 49 78, 164 744 9 
Davison, Sibakie O38 Oct. 6,1914 45, 430 4,891 107 49, 000 1,261 26 
MaunyA enn: seeeesee nee July 21,1914 70, 250 3,194 45 72, 832 3, 103 42 
Totals. Race ee ae ees eee 1,121, 229 59, 863 53 |1, 334, 644 30, 965 23 


Table 2 gives in condensed form a record of losses from cholera 
in each of the 14 experimental counties for the years 1912 to 1915, 
inclusive. The table also shows the date upon which work was 
begun in each county. It is important to keep this date in mind in 
studying the table to determine the effect of the work upon the 
course of the disease, for as the work began 12 months earlier in 
some counties than in others the effects naturally became apparent 
in different years. The figures given are not merely estimates, but, 
on the contrary, were obtained by a personal canvass of the coun- 
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ties and may therefore be regarded as reasonably exact. The figures 
in the columns showing the total deaths represent the total losses 
of hogs from cholera. A large proportion of these occurred either 
in herds where no treatment was applied, because the disease was 
not reported, or took place in herds before inspectors could apply 
the treatment. Striking evidence of this is obtained by comparing 
the total deaths from cholera in 1914 and 1915 with the deaths among 
treated hogs during the same period. For example, the total deaths 
in 1914 numbered 59,863, of which only 13,985 hogs had been treated. 
In 1915, though there was a total loss of 30,965 hogs, only 9,148 of 
these had been treated. The prompt treatment of all: hogs on in- 
fected farms undoubtedly would have reduced the losses still further. 

Inasmuch as the experimental work was carried on in only 3 
of the 14 counties in 1913, that year may be regarded as a fair rep- 
resentative of conditions in the 14 counties, taken as a whole, when 
the work was begun. By comparing the death rate in 1913 with 
that in 1914 and 1915, we find that not only did the actual losses 
from cholera steadily diminish, but that the ratio of deaths per 
thousand decreased to an even greater extent, due to increased hog 
production. In 1914 there were 119,262 fewer hogs lost than in 
1913, and in 1915, 28,898 fewer than in 1914. The death rates for 
the same years were: 1913, 170 per thousand; 1914, 53 per thousand; 
and 1915, 23 per thousand. 

During this same period we find that the number of hogs raised 
was constantly increasing, the number being 1,052,408 in 1918, 
1,121,229 in 1914, and 1,334,644 in 1915, an increase of 282,236 hogs 
in two years. 

Again, the question naturally arises as to whether this remarkable 
improvement with respect to losses and to the conditions of the indus- 
try is to be referred primarily to the natural subsidence of the 
disease or to the experimental control work. To decide this we 
must have recourse to comparison with neighboring counties. It 
has been possible to obtain what are believed to be reasonably accu- 
rate estimates of hogs raised and hogs lost during 1913, 1914, and 
1915 in several counties surrounding each of seven of the experi- 
mental counties, namely, Dallas County, Iowa, Pettis County, Mo., 
Montgomery County, Ind., Clay County, Iowa, Gage and Johnson 
Counties, Nebr., Marshall County, Kans., and Renville County, 
Minn. The experimental work was begun in the first three of these 
counties in 1913 and in the remaining four in 1914. Therefore in 
making our comparisons it is necessary to divide the experimental 
counties into two groups, one representing counties in which work 
was done for three years, and the other those in which only two 
years’ work was carried out. Table 3 contains the data relative to 
the first group and Table 4 those of the second group. 
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TABLE 3.—Comparison of hogs raised and lost in 8 original experimental coun- 
ties and 15 surrounding counties, 1912-1915. 


1912 1913 
Counties. | 
LOB Hogs lost. Hoes Hogs lost. 
Number. | Number. | Per 1,000.) Number. | Nwmber.| Per 1,000. 
Average of 3 experimental counties. ......- 73, 984 21,025 284 | 101,504 7, 840 77 
Average of 15 surrounding counties. .......|-.--.-..--|---.------|---------- 80, 993 14, 858 183 
1914 1915 
Counties. 
Hides Hogs lost. pices, Hogs lost. 
Number. | Number. | Per 1,000.| Number. | Number. | Per 1,000 
Average of 3 experimental counties. ......- 119, 823 4,984 41 | 138,391 3,341 24 
Average of 15 surrounding counties. .--..--. 67, 888 7,977 117 58, 021 5, 593 96 


\ 


Experimental counties: Dallas, lowa; Montgomery, Ind.; and Pettis, Mo. Experimental work began 
in 1913. 


TABLE 4.—Comparison of hogs raised and lost in 4 experimental counties and 
18 surrounding counties, 1913-1915. 


1913 1914 1915 
Counties. 
gees Hogs lost. eee Hogs lost. oe Hogs lost. 
Per | Per Per 
Number.| Number.| 1,000. | Number.| Number.| 1,000. | Number.| Number.| 1,000. 
Average of 4 experimental 
Counties: 5s eee 81,659 | 21,727| 266] 81,811 | 4,062 49 | 95,108 557 5 
Average of 18 surround- 
INE (COUNTIES)- -/-se ee. - == 53,997 | 16,734 309 | 44,028 7, 230 164 | 47,113 3,877 82 


Experimental counties: Clay, Iowa; Gage and Johnson, Nebr.; Marshall, Kans.; and Renville, Minn- 
Experimental work began in 1914. 


Tables 3 and 4 seem to show clearly the effects of the experimental 
work. Considering first Table 3, it is remarkable to see the great 
reduction in losses from cholera in Dallas, Montgomery, and Pettis 
Counties in 1913 as compared with 1912, and to note that the loss 
per thousand was but little more than one-third of that which oc- 
curred in 1913 in the 15 neighboring counties where no experimental 
vork was being done. It is seen also that the loss per thousand has 
continued to decrease during 1914 and 1915 in both cases, and that in 
the case of 3 experimental counties it has remained constantly from 
two and one-half to four times less than in the 15 surrounding 
counties. These results were obtained notwithstanding the fact that 
in the experimental counties considerably more hogs were being 
raised. 

Table 4 presents additional data obtained from a different set of 
counties. It shows that in the four experimental areas consisting of 
Clay County, Iowa, Gage and Johnson Counties, Nebr., Marshall’ 
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County, Kans., and Renville County, Minn., there was a marked 
reduction of losses, both absolute and relative, immediately follow- 
ing the beginning of the control work, and that the average number 
lost in each experimental county in comparison with the average loss 
in neighboring counties was reduced from somewhat more than an 
equal number in 1913 to less than one-seventh in 1915. 

Furthermore, it is important:to note that Tables 3 and 4 both 
show that the work did not in any way injure the business of hog 
raising, but on the contrary seems to have aided it greatly. The 
very large increase in the number of hogs raised in the experimental 
counties, as compared with a languishing industry in the surrounding 
counties, is one of the most encouraging indications furnished by 
the data. 

It will be remembered that the experimental work was based prin- 
cipally upon (1) an educational campaign, designed to stimulate the 
interest and secure the cooperation of farmers, and (2) the prompt 
treatment of infected herds with serum. This mode of procedure 
resulted in greatly increased hog production and greatly reduced mor- 
tality from cholera. It seems reasonable to ascribe the increase in 
hog production to the educational work, and the reduced losses from 
disease to the use of anti-hog-cholera serum. Table 5 summarizes the 
results following the use of serum in infected herds. 


TABLE 5.—Results of treatment in infected herds during 1913, 1914, and 1915. 


Hogs 


Condition of hogs and method of treatment. reatcal Hogs died. 
Hogs sick. when treated: Number. | Number. | Per cent. 
SUM TATE GUS. eames: Hr PER eene ae GO cok toe eerie Taal eee ete A 2, 448 713 29. 
SERUM OLEM en eae = tne CRM es Sen TES ee ae ae 83, 099 23, 990 28.8 
MRotalisickahoesiineated ss kes Meet ee sce Mas cco shs deve sbastaacseueck 85, 547 24,703 28.8 
Hogs apparently well when treated: 
DUTT AMEOUSS: Pewee whee kek SEE. SEAT e Tse eat ee ae 81, 289 3,070 Be 7 
SIGUE STE SORE o> SSS ESB Ut CBS EL DBS ee ee See ea on Se 67, 300 3,063 4.5 
Motalihealimy hozsitreated 4s fe SIGs eas ndeeenb esdecne eb eeek cee. 148, 589 6,183 4.1 
IG fia OES) REBUG -S cocogsiaosdiosce wbemoonsenoussoneeaeeeecorcccccase 234,136 | 30,836 13.1 


Table 5, which shows that only 13.1 per cent of 234,136 hogs treated 
in infected herds were lost, seems to demonstrate clearly that potent 
serum is effective in preventing losses from cholera and that the re- 
duced losses in the experimental counties are to be ascribed directly 
to the use of the serum. 


THE COMBATING OF HOG CHOLERA. 


There are two facts which stand out clearly with respect to hog 
cholera. First, eradication or total extirpation of the disease in the 
United States at this time is impracticable. Second, though eradica- 
tion is impossible, it is entirely practicable in large part to eliminate, 


14 BULLETIN 584, U. S, DEPARTMENT OF AGRICULTURE. 


by the use of serum, the enormous losses which annually are caused 
by the disease. 

We are firmly convinced that, for the present, the greatest good is 
to be accomplished by bending every effort toward the rational use 
of serum so as to curtail the losses of hogs, rather than by attempting 
nation-wide eradication, which on account of the many factors in- 
volved we must regard as impossible. It is well, therefore, to con- 
sider how the most effective work may be done, and in particular 
what duties devolve upon the State and Federal Governments. 

First of all we must recognize the fact that success or failure will 
depend upon the farmer himself. His interest and intelligent co- 
operation are the foundation stones upon which this work must rest. 
Therefore, education of farmers in matters pertaining to hog cholera 
takes first place. However, the importance of organization must not 
be lost sight of. Every farmer should be interested in and have 
knowledge of the conditions prevailing in neighboring herds and 
should see to it that his neighbors are promptly informed of any 
trouble that may arise in his own herd. To promote this cooperation, 
some form of organization of farmers is essential. 

The whole purpose of this education and organization is to enable 
the farmers intelligently to avail themselves of the means of saving 
their hogs; therefore knowledge on the part of the farmer as to 
what to do and how to do it will be of little avail unless the needed 
facilities are supplied. Thus, arrangements must be made for ready 
availability of good serum and of the instruments required for its 
injection by men sufficiently skilled to insure proper use. 

We may expect success in controlling losses from cholera when the 
following four conditions are met: (1) A farming community that 
knows hog cholera, the ways in which it is spread, and the best 
methods of combating it. (2) A community so organized that every 
farmer will be ready to help his neighbors by informing them of the 
existence of cholera wherever this may come to his notice, and where 
every farmer knows where to get good serum quickly. (8) Readily 
available serum at reasonable prices. (4) A sufficient number of 
skilled men to apply the serum. 

In order to attain these desired conditions the united efforts of 
State and Federal Governments are required, for, while the preven- 
tion of losses in individual localities is a matter of local concern only, 
this disease, being so widespread and so disastrous in its effects 
upon the welfare and prosperity of the farmers generally, also 
affects the entire population of the country through the destruction 
of so large a proportion of the food-producing animals. 

It seems clear, therefore, that the Federal Government should lend 
its aid in all cases where State officials or other local agencies are 
in a position to offer reasonable cooperation. Under such an ar- 
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rangement the duties of Federal and State officials may be outlined 
as follows: 


DUTIES OF UNITED STATES DEPARTMENT OF AGRICULTURE. 


The United States Department of Agriculture should supply a 
corps of trained veterinarians, one or more to be assigned to each 
State, where arrangements for cooperative work can be made. The 
duties of these field men would be to work in direct cooperation with 
the constituted authorities of the States in organizing the farmers, 
making addresses on cholera and means of control, and explaining 
and demonstrating the best methods of applying serum. These Fed- 
eral field men should not remain permanently in one locality, but 
after working over a selected area should proceed to another and 
work there with State authorities as in the first, the idea being for 
them to help in organizing and coordinating the work, but ultimately 
leaving the administration entirely in the hands of State authorities. 

The department should continue to inspect and supervise estab- 
fishments engaged in the preparation of anti-hog-cholera serum for 
interstate shipment, the prime object of such inspection being to 
insure, in so far as supervisory inspection may accomplish that end, 
the purity and potency of the products which farmers will be 
encouraged to use. 


DUTIES OF STATE AUTHORITIES. 


The State authorities should supply a corps of veterinarians who 
are particularly skilled not only in matters pertaining to hog 
eholera, but in the art of teaching and organizing. ‘These men 
should work directly with the Federal officers and along the same 
lines, except that their work should perhaps go, more into detail 
and their contact with farmers and farmers’ organizations should 
be more intimate than would be the case with the Federal em- 
ployees. They should also lend their cooperation to representatives 
of the live-stock sanitary board or chief veterinary officer of the 
State, so as to promote the observance of the sanitary rules which 
may be of the greatest assistance in limiting the number of out- 
breaks to be dealt with. 

The State live-stock sanitary board or the State veterinarians 
should promulgate regulations designed to reduce the channels 
through which cholera may be spread. but framed at the same time 
with the idea of avoiding serious interference with the hog industry. 
At the same time a campaign of education relative to sanitation 
should be carried on in cooperation with the State college and the 
Federal Government. A force of men sufficient to attend to this 
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work and to take part in the intensive work in selected areas would, 
of course, be needed. 

The State live-stock sanitary board or the State veterinarian (ex- 
cept in States where such work is delegated to the State college) 
should maintain close supervision and inspection of all establishments 
producing anti-hog-cholera serum for use only within the State. It 
would not be essential for such inspection to be carried out at plants 
where Federal inspection is maintained. There appears to be no good 
reason for duplicating this work, but there is much reason for in- 
sisting upon the same standard of excellence for all serum that is to 
be sold to farmers, and this can be accomplished only by uniform 
methods of inspection. 


CONTROL OF SERUM AND VIRUS. 


In addition to the duties described above for the three organizations 
concerned, there is certain other work to be done which might perhaps 
be assigned to either the one or the other of the two State organiza- 
tions, the decision in this respect to be governed by local conditions 
and by the State laws in force. Among such duties may be mentioned 
the control of the use of virus in immunization work and the ar- 
rangement for the maintenance of supplies of serum, if such supplies 
are not already available, by private or public serum plants and in 
localities where all farmers may quickly procure it. This last-named 
need is of course essential, for when serum is needed it is needed 
quickly, and any delay in this respect might entirely nullify all of 
the other work. There is no justification for the expenditure of large 
sums to demonstrate and explain the use of serum unless serum can 
be obtained when needed. This problem should present little diffi- 
culty, for besides the considerable number of State plants, there are 
now in the country a large number of well-equipped private firms 
producing serum in large quantities, and these, with the State plants, 
are capable of supplying any demand that is likely to arise. 


COST OF CARRYING ON THE WORK. 


It may be well in conclusion to say a few words concerning the 
cost of carrying out a plan such as that here suggested. It would 
probably be unwise to attempt to cover the entire country at the very 
beginning, for work of this kind is best done by experienced men 
who will proceed carefully and thus avoid the annoyances and con- 
fusion that would follow hasty or ill-advised action. Men of this 
type are not readily procured. Therefore it will be best to make a 
slow start, first giving attention to certain sections of a State, and 
when these are properly organized, proceeding to another. With this 
idea in mind it is suggested that the Federal Government might sup- 
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ply a force of 50 or 60 skilled men for field service at an annual cost, 
at the beginning, of about $200,000. This would enable the Federal 
Government to place 3 men in each of about 20 States. The States at 
the same time should supply for education and organization at least 
as many men as the Federal Government, and double the number 
would perhaps better fit the needs of the case. On the basis of an 
equal number, each State would need an appropriation of $10,000 
annually for this work, and an equal sum should be available for the 
use of the State veterinarian in the campaign for improved sanita- 
tion. The cost of the needed serum should of course be borne by the 
farmers themselves. ; 

This is a very modest program for dealing with a disease which © 
annually causes losses amounting to many millions of dollars. How- 
ever, it is believed best to proceed slowly and surely and in such a way 
that the farmers may be encouraged to do the greater part of the work 
themselves. 

This discussion should not be closed without laying emphasis upon 
the importance of further research on the cause, modes of dissemina- 
tion, and methods of preventing hog cholera. While complete eradi- 
cation does not seem feasible at the present time, it is entirely possi- 
ble that further research may enable us to discover means whereby 
complete elimination of the disease may be eventually realized. This, 
of course, is the end for which all concerned should continually strive. 
Both Federal and State Governments should provide for research 
along the lines indicated. 


SUMMARY. 


1. No feasible plan has yet been devised for the complete eradica- 
tion of hog cholera, yet it is entirely possible to control the losses 
from the disease and thus place hog raising upon a relatively stable 
basis, freed for the most part from the cholera menace which has been 
for so many years the bugbear of swine growers. 

2. The plan of slaughter of infected herds with strict quarantine 
and disinfection of premises, such as has been pursued successfully 
in combating foot-and-mouth disease, is entirely unsuitable for the 
control or eradication of hog cholera in the United States. 

3. A campaign of education with the prompt and intelligent use of 
serum ! increases the interest and confidence of farmers in hog raising 
and results in reduction of losses and greatly increased hog pro- 
duction. 


17The methods of administering serum are described in Farmers’ Bulletin 834, “ Hog 
Cholera: Prevention and Treatment,” to which the reader is referred for a discussion of 
the ‘‘ simultaneous’ and ‘‘ serum-alone’’ methods of treatment. 
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4. Potent anti-hog cholera serum, if used promptly and intelligently 
on infected herds, will save a large portion of hogs which would 
otherwise succumb. 

5. To combat the disease successfully and carry out the program 
herein outlined, there must be hearty cooperation between farmers 
and swine raisers, State authorities (colleges, live-stock sanitary 
boards, and State veterinarians), and the Federal Department of 
Agriculture. With this assured, the scourge of hog cholera should 
be gradually but surely overcome. 
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A GUIDE FOR FORMULATING A MILK ORDINANCE. 


PREPARED IN THE DAIRY DIVISION OF THE BUREAU OF ANIMAL INDUSTRY 
AND IN THE BUREAU OF CHEMISTRY. 


For the proper safeguarding of the milk supply of a community 
a suitable and enforceable law must first be enacted. In general this 
law must cover three distinct phases: First, fraud; second, disease; 
and third, cleanliness in the production and handling of milk. One 
of the most important considerations must be the reasonableness of 
the law. A law which works a special hardship on a legitimate in- 
dustry is not reasonable, and a law so stringent that it can not readily 
be enforced will defeat its own ends. 

A study * of the milk ordinances of a great many cities, large and 
small, shows that there is a great diversity of opinion among the law- 
makers and their advisers as to what constitutes a proper milk ordi- 
nance. There is certainly a great lack of uniformity among the 
laws, some of which are entirely out of date. Many of them seem to 
be transcripts of ordinances in force in other cities, placed in the 
municipal series of laws without regard to local conditions. Some of 
them contain provisions which are unnecessary and unreasonable and 
which can not be enforced. 

There has been a constant demand on the Dairy Division of the 
Bureau of Animal Industry by municipal authorities for some form 
of milk ordinance which will best meet the requirements necessary 
to obtain a good, clean, safe milk supply, and which can be used as a 
guide for local communities. 

In a strict sense it is impossible to frame a milk ordinance, with 
its definitions, standards, and requirements, which will be suitable 
for all communities. On the other hand, a general skeleton form 
may be made that can be used as a framework upon which to build 
a finished, practicable, operative law. No local lawmaking body 
should attempt to draft a milk ordinance, with its standards, grades, 
and requirements, unless it is entirely familiar with local dairy and 
milk conditions, as well as with the purposes and intent of such an 
ordinance. A special study by competent authority should be made. 


1 Report of the Committee on Statistics of Milk and Cream Regulations of the Official 
Dairy Instructors’ Association, printed in vol. 1, No. 1 (May,1917), Journal of Dairy Science. 
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In that way only can satisfactory standards—chemical, bacterio- 
logical, and sanitary—be prescribed. 

With those ideas in view, the Bureau of Animal Industry and the 
Bureau of Chemistry have prepared a form of milk ordinance which, 
it is believed, if enacted and enforced, would assist the community in 
providing an instrument for bettering its milk supply. 

The ordinance is restricted to the production, handling, and sale 
of milk and cream as such. It consists of eight sections, taking into 
consideration definitions, standards, grades, adulterations, the making 
of regulations, the collection of samples, and penalties. 

A special feature of the ordinance is the grading of milk and cream. 
It is believed that grading is necessary and is of paramount impor- 
tance. One of the great sanitary and economic questions will be 
solved if practical grading of milk, with the consequent grading of 
selling price, can be enforced. ‘Three grades are considered—* Cer- 
tified,” grade A, and grade B. Pasteurization is compulsory for grade 
B, but optional for the others. Grades A and B represent the largest 
quantities of milk sold. No definite general score or bacterial require- 
ments can be made to cover all conditions. Some communities. long 
under competent health jurisdiction, can enact and enforce more 
stringent laws than other communities not so fortunate. The health 
department must determine from its own experience the score and 
bacterial count for grades A and B. Grade A must be of such quality 
that there will be no question as to its purity and safety. Grade B 
can be of lower grade than A, because pasteurization is obligatory. 
No grade below that of B is recognized. 

Another item of special importance is the provision which gives 
health authorities the right to make regulations for the further proper 
enforcement of the ordinance. That is a wise provision, as rules or 
regulations can define more fully and add necessary detail, and can be 
passed and amended without the difficulty encountered with general 
lawmaking bodies. The regulations can give details for the issuing of 
permits, for the examination of herds and milkers for disease, and for 
the cleanly production and handling of milk. They can not, however, 
go beyond the scope expressed in the ordinance itself. 

It is believed that this draft of an ordinance will prove to be a satis- 
factory framework upon which the average town or city can build a 
finished, practicable law, which, if properly enforced, will improve 
the average milk supply and work toward a desired uniformity of 
food laws. 

FORM OF ORDINANCE. 


AN ORDINANCE TO REGULATE THE PRODUCTION AND SALE OF 
MILK AND CREAM, AND FOR OTHER PURPOSKES. 


Be it ordained by the of the city of , That for the purpose and 
within the meaning of this ordinance, (a@) “milk” is the lacteal secretion obtained 
from the complete milking of cows; (60) “skimmed milk” is milk from which 
substantially all of the milk fat has been removed; (c) “ certified milk” is milk 
produced and handled in conformity with the “ Methods and Standards for the 
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Production and Distribution of Certified Milk,” adopted by the American Asso- 
ciation of Medical Milk Commissions May 1, 1912, and amendments thereto, in 
effect at the time of production, and certified to by a milk commission constituted 
in compliance therewith; (d) “grade A milk” is milk produced from healthy 
cows, as determined by the tuberculin test and physical examination within 
pot exceeding one year previously by a qualified veterinarian, from dairies that 
score not less than on the dairy-farm score card in current use at the time 
by the United States Department of Agriculture, which milk shall not, at any 
time, contain more than bacteria per cubic centimeter; (e) “grade B 
milk” is milk produced from healthy cows, as determined by physical examina- 
tion within not exceeding one year previously by a qualified veterinarian, from 
dairies that score not less than on the dairy-farm score card in current 
use at the time by the United States Department of Agriculture, which milk 
shall not, at any time, contain more than bacteria per cubic centimeter ; 
(f) ‘pasteurized milk” is milk which has been heated to, and for at least 30 
minutes held at, a temperature of approximately 145, never less than 142, 
degrees Fahrenheit; (g) “cream” is that portion of the milk, rich in milk fat, 
which rises to the surface of the milk on standing, or is separated from it by 
centrifugal force, and containing not less than per cent of milk fat; (h) 
“homogenized,” or “emulsified,” milk or cream is milk or cream which has 
been subjected to the mechanical process of homogenization, or of emulsification, 
as the case may be; (7) ‘“ unsterilized containers” are containers which either 
have not been subjected to moist heat at a temperature as high as 205 degrees 
Fahrenheit for two minutes or longer, or do not comply with such alternative 
requirements, to be prescribed by the regulations made pursuant to this or- 
dinance, as may be necessary to effect sterilization thereof; and (j) “ person” 
imports both the plural and the singular, as the case demands, and includes 
corporations, partnerships, societies, and associations. 

When construing and enforcing the provisions of this ordinance, the act, 
omission, or failure of any officer, agent, or other person acting for or em- 
ployed by any individual or by any corporation, partnership, society, or associa- 
tion, within the scope of his employment or office, shall in every case be also 
deemed to be the act, omission, or failure of such individual, corporation, part- 
nership, society, or association, as well as that of such officer, agent, or other 
person. 

Sec. 2. That no person shall sell or deliver for consumption as milk or cream 
or have in his possession with intent to sell or deliver for consumption as milk 
or cream either— 

(a) Milk or cream to which water or any foreign substance has been 
added; or 

(6) Milk containing less than per cent of milk fat or less than 
per cent of solids not fat, or cream containing less than —— per cent of milk 
fat, unless such milk or cream is plainly and conspicuously labeled ‘‘ Subnor- 
mal,” together with a statement showing the actual per cent of milk fat con- 
tained therein; or 

(c) Skimmed milk which has not been pasteurized, or made from pasteurized 
milk, or which is not labeled ‘‘Skimmed Milk”; or 

(d@) Milk or cream containing, or which has been exposed to, any disease- 
producing bacteria; or 

(€) Milk or cream the container of which is labeled or branded so as to 
inislead or deceive the purchaser; or 

(f) Milk or cream produced from diseased cows, or from cows during the 
period of 15 days preceding parturition or within such time thereafter as the 
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milk is abnormal, or from cows which have been fed unwholesome food or have 
had access to contaminated water; or i 

(g) Milk or cream which falls below the requirements of grade B, as defined 
berein, or milk or cream which ‘has been produced, stored, handled, or trans- 
ported in any unclean or insanitary manner ; or 

(i) Milk or cream the retail, or the final, container of which does not bear 
a plain and conspicuous statement showing the kind and grade as herein 
defined ; or 

(i) Milk or cream in unsterilized containers; or 

(j) Milk or cream which such person has kept at a temperature higher than 
50 degrees Fahrenheit; or 

(kK) Grade B milk which has not been pasteurized ; or 

(1) Homogenized milk or cream, or emulsified milk or cream, unless it is 
plainly and conspicuous'y labeled “ Homogenized,” or “‘ Emulsified,’ as the case 
may be; or 

(m) Milk which has had the cream line increased by any artificial means. 

Src. 3. That nothing in this ordinance shall be construed to prohibit the sale. 
when labeled so as to show its true character, of either (@) sour milk or sour 
cream; or (0) buttermilk, or any similar product made from pasteurized milk 
cr cream; or (¢) modified milk if made from milk or cream equal at least to 
grade B. ; ° 

Sec. 4. That no person shall sell or deliver, or have in his possession with 
intent to sell or deliver, for consumption as milk or cream, any milk or cream 
without a permit from the board of health of 

Sec. 5. That the board of health of is authorized to make such regu- 
lations, from time to time, as are necessary for the efficient execution of 
the provisions of this ordinance, and to issue permits to sell and deliver milk_ 
or cream in The board of health, after affording the permittee an 
opportunity for a hearing, may suspend or revoke any permit issued by it under 
this ordinance whenever it shall determine that the permittee has violated 
any of the provisions of this ordinance or of the regulations made hereunder, 
and, without affording such opportunity, may suspend such a permit tempo- 
rarily whenever it deems necessary. 

Sec. 6. That the board of health of — , its members, officers, and agents, 
shall, at all reasonable times, have access to any dairy or any other place 
where milk or cream is produced for sale; to any wagon, truck, train, car, 
warehouse, or station in which milk or cream for sale is being transported or 
is being held for transportation or delivery; and to all establishments, plants, 
depots, or stores where milk or cream is kept or stored for sale. Any person 
who hinders or prevents such access shall be guilty of a violation of this ordi- 
nance. 

Sec. 7. That any producer, handler, or seller of milk, or cream, whether 
Lrincipal, agent, or employee, who, on demand, refuses to sell or deliver a 
sample, not to exceed one pint, of milk or cream in his possession to any offi- 
cial designated by the board of health to collect samples, shall be guilty of 
a violation of this ordinance. 

Sec. 8. That any person violating any of the provisions of this ordinance 
shall, on conviction by any court of competent jurisdiction, be punished by a fine 
of not more than dollars, or by imprisonment of not more than ; 
or by both such fine and imprisonment, in the discretion of the court; and for 
each subsequent offense, and conviction thereof, shall be punished by a fine 
of not more than dollars, or by imprisonment of not more than i 
or by both such fine and imprisonment, in the discretion of the court. 
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During the year 1916 the Office of Public Roads and Rural Engi- 
neering undertook three new experimental highway projects and a 
separate investigation of corrugated metal pipe for use in constructing 
highway culverts. All of the highway projects involved the use of 
bituminous materials. The principal purpose of the new road 
experiments has been to develop the most advantageous methods 
of using gravel with bituminous materials in constructing the better 
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types of roads. Other purposes have been to investigate the value, 
as a road-surfacing material, of earth-oil asphalt, made by admixing 
asphalt with a prepared mixture of earth and water; and to secure 
check results with certain types of bituminous macadam that have 
been employed in previous experiments of the office. The culvert 
investigation is for the purpose of determining the relative merits 
of various kinds of steel and iron used in the manufacture of corru- 
gated pipe. 

Supplementary reports, describing the progress of experiments 
previously reported, follow the reports of the new experiments. 
To these supplementary reports are added, in several cases, summaries 
showing an outline history of the projects to date. Also, the histories 
of several projects that have been discontinued are summarized in 
this bulletin so as to make the experimental results already obtained 
by the office easier for the interested reader to follow. 


Notr.—In this publication “bituminous macadam by the penetration method”’ is called simply bitu- 
minous macadam, and ‘‘bituminous macadam by the mixing method,”’ bituminous concrete. 


NEW EXPERIMENTS. 


The new experiments included bituminous macadam and_ bitu- 
minous gravel construction on the Russell Road in Alexandria 
County, Va.; bituminous gravel concrete and earth-oil asphalt on 
the Alexandria-Accotink Road in Fairfax County, Va.; and the bitu- 
minous surface treatment of a new gravel road leading from Gum 
Spring to Mount Vernon in Fairfax County, Va. In addition the 
special experiments with corrugated metal culverts were initiated on 
the Texas post road. 


EXPERIMENTS ON RUSSELL ROAD, ALEXANDRIA COUNTY, VA. 
BITUMINOUS MACADAM AND BITUMINOUS GRAVEL. 


This experimental project is located in Alexandria County, Va. 
The road begins at station 0+00 or station 114+47.3 of the Mount 
Vernon Avenue experimental road, and runs in a general south- 
westerly direction on a new location to station 21+40. From there 
it continues in the same general direction over an old worn-out 
gravel road to the city line of Alexandria. The project is 8,761.4 
feet in length and is divided into eight experiments, as shown in 
Table 1. The experiments are numbered consecutively from station 
0+00 toward Alexandria. The experimental surfaces were con- 
structed on a 6-inch pit-run gravel base throughout. Work was 
begun by contract July 12, 1915, and completed June 20, 1916. The 
sci cost of the project was $22,844.94. 
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TaBLE 1.—Description of experiments. 


Bituminous material. 


Experi- 
ment |Location(stations). Stone. 

number First application. Second application. 
Digest fee 1+481t017+81 | Trap...----.-. Water-gas tar, refined ....--- Water-gas tar, refined. 
7/5 i Pacha 17+-81 to 35+91 |.---. doreses-k| a2. GON cemeteries sae croee Oil asphalt. 
PT 35+91 to 54+-55 |.-..-- dose etey: Coal tar, refined. .......-..-- Coal tar, refined. 
ee ce. 54+55 to 72455 |..--- doses. 2-4 esce COE ses oe ee ene owen tee Oil asphalt. 
Li eee 72+-55 to 77+55 | Gravel....__- Water-gas tar, refined ...---- Water-gas tar, refined. 
awereeries 77+55 to 82+61 |.-.-. donencee OiVasphalts2 cee =o spe eeery Oil asphalt. 
7and8...| 82+61 to 87+61.4 |.-... dose Residual asphaltic petro- Residual asphaltic petro- 

eum. eum, : 


1 The area from station 0+00 to station 1+81 at the intersection with the Mount Vernon A venue experi- 
mental road was surfaced with the same kind of wearing course used on experiment-No. 10 of that road 
and is classed with that experiment. 

2 From station 72+ 55 to station 73+ 46, 30 per cent of sand was added to the tar. 

3 The gravel for this experiment was a mixture of pit-run gravel from the Haney pit with 3-inch screened 
gravel imported from Richmond, Va. 


GENERAL FEATURES OF THE PROJECT. 


Right of way and location.—A new location was made from station 
0+00 to station 21+ 40, in order to eliminate a railroad crossing at 
grade with the Washington & Old Dominion Railroad at station 
12+50. The county of Alexandria secured this new right of way and 
and also arranged for widening the right of way of the old road to 50 
feet throughout its length. The acquired right of way amounted to a 
total of 2.2 acres. All points of curvature and tangency of the new 
location lines were marked with 6-inch concrete bound stones, set 
with the back face center at the point. 

Clearing and grubbing.—Including both old and new location, 5 
acres were cleared and grubbed. 

Excavation.—All excavating was done with drag and wheel scrapers 
and dump wagons. Wherever practicable, fills were made with wheel 
scrapers in uniform layers. Side-hill slopes under new fills were 
plowed. Slopes in cuts were finished 1:1 and on fills 14:1. The road 
was graded to a width of 24 feet, the shoulders being 4 feet wide and 
having a slope of 1 inch to afoot. The side ditches were excavated 
19 inches below the grade of the road.- The crown of the subgrade 
was made the same as the crown of the surface 2 inch to a foot. 
Between stations 63+50 and 86+50, 469 cubic yards of earth were 
borrowed. This borrow was made necessary because when the esti- 
mate was prepared, too small an allowance was made for shrinkage. 
In all, 11,384 cubic yards of earth were excavated. 

Grade crossing elumination.—An agreement was made with the Wash- 
ington & Old Dominion Railroad Co. whereby the company con- 
structed, at its own expense, abutments and a bridge span for the 
elimination of the grade crossing at station 12+50. By the terms of 
this agreement, the Department of Agriculture removed the prism of 
earth below the railroad and dug the foundation pits for the abut- 
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ments. The excavation of the foundation pits cost $335 64. The 
cost to the railroad company of its portion of the work was $2,588.76. 

Drainage.—Subdrainage, culverts, catch basins, and paved gutters 
were built where needed. 

Foundation or base course.—After the grading was completed, the 
subgrade was brought to its final shape by the use exclusively of 
picks and shovels and by rolling. Al spongy and yielding areas were 
removed and replaced with fresh material as the rolling progressed. 
The foundation for all the experimental sections consisted of a com- 
pacted layer of gravel 6 inches in depth. A sand-clay gravel repre- 
sented by the analysis given in Table 2 obtained from Haney’s pit, 
adjoining the road, was used. All the gravel was weighed at the pit, 
and sample cubic yards loose also were weighed from time to time. 
A total of 5,604.4 tons of gravel was placed in the foundation. The 
average weight of a cubic yard of loose gravel was 3,000 pounds and 
the expansion from the pit to the wagon was 22 per cent. The 
gravel was dumped on the subgrade and spread by hand to a depth of 
8.7 inches. Practically all the stones of size greater than would pass 
a 24-inch screen were removed in the pit or while the gravel was being 
spread on the road. The gravel base was rolled with a 10-ton roller 
and was all in place December 4, 1915. Travel was allowed over the 
base all winter. Before beginning the experimental surfacing, April 
10, 1916, light trimming and reshaping of the base had to be done, 
but no serious depressions or ruts had developed. 


TABLE 2.— Mechanical analysis of gravel for use in foundation. 


Per cent. 

Passing 1-inch screen, retained on #-inch screen.-.....-..----..--+--+----+---- 1.4 
Passing #-inch screen, retained on 4-inch screen.......--...------------------ by 
Passing sich screen, retained on t-inch screen. -=-.-- 2-2. 2 ee 25.7 
Passing 4-inch screen, retained on 10-mesh #ieve.......-...---.-------------- 19.6 
Passing 10-mesh sieve, retained on 20-mesh sieve.-.........--------------- OAC SL 
Passing 20-mesh sieve, retained on 30-mesh sieve.........------------------- 5.1 
Passing 30-mesh sieve, retained on 40-mesh sieve...............------------- 3.2 
Passing 40-mesh sieve, retained on 50-mesh sieve..........-.--.------------- 3.8 
Passing 50-mesh sieve, retained on 80-mesh sieve..-.....-.------------------ ae 
Passing 80-mesh sieve, retained on 100-mesh sieve............--------------- .8 
Passing 100-mesh sieve, retained on 200-mesh sieve........-.---------------- 2.4 
Passing, 200-mesh sie vers.-1 “esses ees Bae asset eck ete Joes bewe 9.0 
RO tala. See etree Te Se Se cen eee ete anne Ee ee eee ee eS 100.0 


Shoulders.—Karth shoulders were constructed 4 feet wide, with a 
slope of 1 inch to the foot. They were rolled and trimmed as the 
surface was completed. 

Guard-rails.—W ooden guard-rails were constructed along the road 
3 feet outside the edge of the bituminous surface at the stations shown 
in Table 3. - 
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TABLE 3.—Location of guard-rails. 


Left. 


Station 1+82to Station 4+79 
Station 14+71 to Station 16+60 
Station 20+-00 to Station 25+78 
Station 40+40 to Station 42+ 26 
Station 56+ 90 to Station 57+94 
Station 58+ 24 to Station 59+68 
Station 63+00 to Station 64+00 
Station 66+41 to Station 72+60 


Right. 


Station 1+4+41 to Station 4+66 
Station 22+-59 to Station 24475 
Station 24+88 to Station 26+00 
Station 40+10 to Station 43+76 
Station 55+06 to Station 59+06 
Station 63+ 25 to Station 63+ 65 
Station 67+38 to Station 72+ 34 
Station 77+84 to Station 79+ 28 


Station 77+63 to Station 79+ 63 


Total, 4,519 linear feet. 


TESTS OF MATERIALS. 


Tas LE 4.—Physical properties of trap rock used in the surface construction. 


RMCeRMe OTL VILY 2... Nees SSL MER ras on eas OO es Sse 3.00 
Weorelsper/ cubic 100tss. 2) 25 Jas PSN SE ee eee pounds.. 187 
Wrarnetapsorbed per cubic:foot. -24 fi see i. 2: 4-2 lsh healt Se dole 43 
eC EM OM CAT ae tose cree cds ee cera tpt Ete MSc ces op sc ate ats ae eo 2.6 
ipcurbecoeictent, Ol; Watson te sree ea ace ass eke pees Se aaa oe eS 15.5 
LE TUDES Ss SER BEE a eee ee Omen Pincers een ot heme eee ae 18.3 
“LS ELETT C38 See SAR ne ene tna ee ey ene eee = Eas Huey woe 13 
emalcariimr ay UU ss. fe Stes SN Oe Ee ate ee. Pe ltr ke be hn 3 ahha Ae, Fair. 


Tasie 5.—WMechanical analysis of gravel and sand used in the surface construction. 


Retained on 2 inch screen 
Passing 2-inch, retained on 14-inch screen... .---------- 
Passing 13-inch, retained on 1}-inch screen... -.---.-.---- 
Passing 11-inch, retained on 1-inch screen....-----.---- 
Passing 1-inch, retained on #-inch screen...-.-.-.-.---- 
Passing 2-inch, retained on 4-inch screen...-----.------ 
Passing 34-inch, retained on +-inch screen...-..-.---.---- 
Passing +-inch, retained on 10-mesh sieve. ...-.--.-.---- 
Passing 10-mesh sieve retained on 20-mesh sieve...-.--- 
Passing 20-mesh sieve retained on 30-inch sieve--.- -..-- 
Passing 30-mesh sieve retained on 40-mesh sieve-.-..--. 
Passing 40-mesh sieve retained on 50-mesh sieve... ---- 
Passing 50-mesh sieve retained on 80-mesh sieve.--.---- 
Passing 80-mesh sieve retained on 100-mesh sieve-.--.-- 
Passing 100-mesh sieve retained on 200-mesh sieve... --- 
Passing 200-mesh sieve 


Screened Pea-gravel 
Brave! for Clean sand Sreeny, for gravel 
penetration| [oT experi- Ge eri- experi- 
Spe ments Nos. 2a) ments Nos. 
peri Pettis ments Nos. 5, 6.7 
ments Nos. ° 7 and 8. ae 
5 and 6. and's. 
Per cent Per cent. Per cent. Per cent. 
BY (68 1c| PERE ge Set Ips Sei icine (einer: SS 
1D) eatanecicecclacceaslmasee| (emcee ome 
205) | asee ee Ssisse BM asian ee see 
10 SU Aeoeceee ce Of ease a= 
el eres CEN) emegesecosec 
SRE Ce| Honecoe orcs 14.9 9.9 
sieaweest.se| Fs ede 23.6 50.4 
oie erste |e oe Se 16.8 34.2 
Sateen sees U4 6.1 525 
Ne ee te 19.6 BBY | See eee 
bio Seese 2 25.6 By al ace eerie aoe 
pS = rare am 22.4 QO |e oseenetee ae 
ERA Sos ae Wears 26 )"sse cee oes 
Be Aa oe 1.6 SOULE Semieemece ae 
Se Se aa 5.0 230i Setree=sosee 
eich eee eee 1.4 1 Et | ee Se 
100.0 100.0 100.0 100.0 
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TaBLE 6.—Mechanical analysis of trap rock used in surface construction of experiments 
1, 2, 8, and 4. 


Trap rock 
for pene- 
tration. 


Trap-rock 
chips. 


Per cent. | Per cent. 
.6 


Retained !2-inchiscree nee ree sre eee = alma See aoe gece serine le eee see oe QO GN LS eecbece ee 
Passing 2-inch, retained on 13-inch screen...---.------------------------+------- B7Aitay acme eine me 
Passing 1-inch, retained on it-inch SCVOeny Ue) ANE INE elect cabioater Jab sete c/s = DSO oes: ae ae 
Passing 1}-inch, retained on ACIICHT SCEGCTIN Se rte aha, We Name eter ree nts $i ECM is Ee es 8 
Passing Linch, retained on FIM CHIScreemes sh oS ee OES eee cee a ee eee ee aie 1 15.0 
Passing # inch, retained on dinch SCLC .hareeiie us Soeeaneetwie it antstameeenes 2.4 36.0 
Passing 4 iinch, retained on Linch SOUS 6 soadaodosodssdsdsococesadeeasscooe ase 9 37.0 
Passing Linch, retained on 10-mesh SIEVO Sins Seino seems Sens seme ds aE cease 1.1 11.3 
(Passing O-meshisicvee senescent tteate seer er eee oe een eet eee eee eee anes Mee ee ee eee pres eee eee a7 
Motel Wie see ONS oo Ts Meee ees.) SORT eam fy eevee, oat | 100.0 100.0 
1 Passing +-inch screen. 
TABLE 7.—Analysis of refined tars. 
Coal tar, refined. W ater-gas tar, refined. 
Experiments Nos. 3 Experiments Nos. 1, 
and 4. 2,and 5 
Specific gravity 25°C/25°C.........-.------ 1.206 1.150 
inl oatitest On Claassen eee eee q 2/38” 2/34’" 
Soluble in CS, (total bitumen). -per cent. - 84.99 98. 28 
Mee Car DON een eee cece eee do...- 14.96 1.65 
Tnorganic residue upon ignition. -..- do...- -05 -07 
ees Per Per on Per Per 
Say ros ae ar- cent cent ar- cent cent- 
Distillation. acter. by by acter. by by 
volume. | weight. volume. | weight. 
WYGHIGRo Aaoc sgeesunboosc2c08ce6 sadosoqess -| Trace. 0.0 0.0 | Trace 0.0 0.0 
First light oils (to 110°C).....--..--..-----|--.-- do... 0 a) |bseee do... 0 :0 
Second light oils (110° to 170°C). ...------- Cloudy. =2 v-|ee2e% on .0 .0 
Heavy oils (170° to 270°C). ...--..---------|----- do... 10. 2 7.9 | Cloudy. 19.0 16.5 
Heavy oils (270° to 300°C).....-----------.|--.-- do... 10.0 Sail | eed ome 12.4 10.2 
IeILKG Nord ane ao otob oor oSOsHoraaabonoL aooNe Huse ose aS 79.6 is ish ledosseacee 68.6 73.3 
100.0 100.0 100.0 100.0 
TaBLE 8.—Analyses of petroleum products. 
Residual 
Oil asphalts. asphaltic 
petroleum. 


Experi- Experi- Experi- 
ment No. | ment Nos. | ment Nos. 
6 2and 4. 7 and 8. 


Specific gravity, DO S/QO ROS 32s eneg vate as sae cee eiereree aie See sates ee 1.040 1.053 0. 993 
IMoltin eM OINt COs sseciceelsleis ecle se tea wa yele ate eae ere eiocien er tnerae Hisemee oe 49 Giles. jlsogaobAReacS 
Mloatitestiato0cC (time) oes ese es ee eee enc een ceee | Risma ee cabs sleeecesetaceys 0/28" 
Specific viscosity Engler 100°C: 50CC Sx she Sees Sate eee eee eee acho tnd ememineetone 14.9 
Penetration at 25°C., 100 grams, DISOCE (2 oo eS Se eras 98 O8hy shifeee ee Ses 
Loss, 5 hrs., 163°C., 30 STATIS Pe SU aes aa aneen e teyna pene Centar. a Ol See acienciecoe 13.98 
Penetration of residue, as above.. Pee ie a 58 Cy Gaertn Metts See ie 
Per cent of total bitumen insoluble in 86°B naphtha. ohuasaee eee eames 27.70 30. 05 18.88 
Mixed (Carbon eee susctc ccc ces ntee heen ae cee eens 17.25 18. 85 9.96 
Soluble in CS. (total bitumen) ae 99. 80 99. 80 99. 93 
Organic matter insoluble ........-.........-. immerse edoses= 09 -17 -07 
Inorganic matter insoluble 11 03 00 


100. 00 100.00 100.00 
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DESCRIPTION OF EXPERIMENTS. 


Experiment No. 1.—Biruminous MacapaAm: Trap Rock witH REFINED WATER- 
Gas Tar. 


Location, station 1+81 to station 17+81- 
Total length, 1,600 feet. 
Total area, 2844.4 square yards. 


The gravel base, as mentioned, had been under traffic for 4 months 
before the experimental surface was begun. The base was in good 
condition and required only a small amount of trimming and reshap- 
ing. One and one-half inch trap rock, having the physical properties 
and the mechanical analysis shown in Tables 4 and 6, was hauled 
in dump wagons and spread by hand to a depth of 3 inches. The 
spread stone was rolled until well keyed for two or three stations 
in advance of the pouring of the bitumimous material which was 
heated in 500-gallon kettles mounted on trucks. The tar, at a tem- 
perature of 250° to 300° F., was drawn off into 4-gallon hand-pouring 
pots and applied at the rate of 14 gallons to the square yard. The 
distribution was controlled by pouring in longitudinal strips with as 
little lapping as possible. 

Clean stone chips were spread on the surface while the bituminous 
material was still hot and were broomed to an even distribution 
while the surface was being rolled with a 10-ton macadam roller. 
A seal coat of the hot tar, slightly mm excess of one-half gallon per 
square yard, was applied. Chips then were spread in such quantity 
as to cover all visible bituminous material and rolled immediately. 
The mechanical analysis of the chips is shown in Table 6. 


ExprRiIMent No. 2—Biruminous Macapam: Trap Rock with REFINED WATER- 
Gas Tar AS BINDER AND O1n ASPHALT FOR THE SEAL COAT. 


— 


Location, station 17-+81 to station 35+91. 
Total length, 1, 810 feet. 
Total area, 3,217.7 square yards. 


The construction of this experiment was exactly as described for 
experiment No. 1, except that an oil asphalt at a temperature of 
275° to 350° F. was used as the seal coat and applied in the same 
quantity and manner as the tar seal coat in experiment No. 1. 


Experiment No. 3: Brruminous Macapam: Trap Rock witH REFINED CoAL TAR 
FOR BINDER AND SEAL COAT. 


Location, station 35+91 to station 54-155. 
Total length, 1,864 feet. 
Total area, 3,313.7 square yards. 


This experiment differs from experiments 1 and 2 only in the 
bituminous material. 
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Expreriment No. 4.—Biruminous Macapam: TRAP with REFINED CoAL TAR BINDER 
AND Orn ASPHALT SEAL COAT. 


Location, station 54-+55 to station 72--55. 
Total length, 1,800 feet. 
Total area, 3,311.1 square yards.! 
This experiment differs from No. 2 only in the kind of tar used 
for the penetration course. 


Experiment No. 5.—Biruminous GRAVEL MacapAmM, GRAVEL BEING GROUTED 
with MixtTURE oF SAND AND REFINED WATER-GAS Tar. 


Location, station 72-+55 to station 77-+55. 
Total length, 500 feet. 
Total area, 888.8 square yards. 

The gravel used in this experiment was received from Richmond, 
Va., and had been washed and screened. ‘The mechanical analysis 
is shown in Table 5. The gravel was spread 3 inches thick, loose, 
and was rolled with a 10-ton roller. The fragments cracked slightly, 
and the surface tended to become wavy under the roller. After 
rolling the gravel, a grout of sand and refined water-gas tar was 
applied for the first 91 feet. The grout was mixed in the heating 
kettle in the proportion of about 3 parts of sand by volume to 5 parts 
of tar. The sand was not dry and considerable foaming in the ket- 
tle resulted. In mixing the materials it was found impossible to 
prevent the sand from settling to the bottom of the kettle, regardless 
of the care used in stirring, so that this method was abandoned. It 
had been expected to apply 1} gallons of this mixture to the square 
yard. The section was covered with pea gravel, rolled, and a seal 
coat applied later, as described below. The remainder of the experi- 
ment was constructed as follows: A penetration coat of refined 
water-gas tar was applied as in experiment No. 1, and sand, as 
shown in the mechanical analysis of Table 5 was applied by shovels 
to the surface until all voids were filled. The surplus sand was 
swept off and areas showing voids were filled carefully. A seal coat 
of refined water-gas tar and pea gravel to the amount of 0.6 gallon 
of tar and about 0.02 cubic yard of pea gravel per square yard then 
was applied to the entire section. A final rolling with the 10-ton 
roller completed the section. 


EXPERIMENT No. 6.—Biruminovus GRAVEL (PENETRATION MetHop). O11 ASPHALT 
FOR PENETRATION AND SEAL Coat. 


Location, station 77-++55 to station 82+ 61. 
Total length, 506 feet. 
Total area, 899.5 square yards. 


Experiment No. 6 was built according to the same method em- 
ployed in experiments Nos. 1 to 4, except that an asphaltic oil was 


1 Includes 111.1 square yards widening on curve. 
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used, instead of tar for both the penetration and the seal coat, and 
clean screened gravel and pea gravel were substituted for the trap 
rock. The mechanical analyses of the gravels are shown in Table 5. 


EXPERIMENT No. 7.—GRAVEL CONSTRUCTION, WITH SURFACE TREATMENT OF RESIDUAL 
ASPHALTIC PETROLEUM. 


Location, station 82+-61 to station 85-++61. 
Total length, 300 feet. 
Total area, 533.3 square yards. 

In this experiment the surfacing was constructed of a 4-inch layer 
of pit-run gravel, upon which was placed a 1-inch layer of clean, 
washed gravel. The entire course was harrowed with a spike-tooth 
harrow, sprinkled thoroughly and rolled, after which the entire experi- 
ment was opened to traffic for one month. The surface, which then 
had become thoroughly compacted, was roughened with picks and 
harrowed loose to an average depth of 1inch. The bituminous treat- 
ment followed immediately after the harrowing, and consisted of 
(1) an application of 0.68 gallon of hot residual asphaltic petroleum 
per square yard, covered with pea gravel, and rolled; and (2) an ap- 
plication of 0.55 gallon of the same oil per square yard, covered with 
sand, and rolled. After the surface had been finished for a day or 
two there was a tendency toward bleeding, and more sand was applied. 

Experiment No. 8 was planned originally as a part of experiment 
No. 7, and no distinction was made between them in the records and 
cost data. Therefore they are considered together in other parts of 
this report. 


Experiment No. 8.—(OrIGINALLY A Part or Expertment No. 7.)—GRAVEL Con- 
STRUCTION WITH SURFACE TREATMENT OF RESIDUAL ASPHALTIC PETROLEUM. 


Location, station 85+ 61 to station 87+61. 
Total length, 200 feet. 
Total area, 355.5 square yards. 


This experiment was similar in all respects to experiment No. 7, 
except as follows: The surface treatment consisted of a single appli- 
cation of hot residual asphaltic petroleum, at the rate of 0.693 gal- 
lon per square yard, with a covering of pea gravel. A thin coat of 
dry sand-clay, of very homogeneous quality was applied over the 
surface treatment without any additional oil, and rolling completed 
the experiment. 


SUMMARY OF COST DATA FOR ENTIRE PROJECT. 


The cost data for the experiments described above are presented 
in Tables 9 to 16. 
4588°—18—Bull. 586-——2 
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TaBLE 9.—Cost data for grading and subgrade. 
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Clearing % Subgrade 
Items. and bel Shaping. Rolling.l complete. 
grubbing. F (total). 
Acres. |Cubicyards. Sq. yds. Sq. yds. Sq. yds. 
hier nt nel agen te SL ee ee ane Salty 5.0 | 11,383.9 | 23,423.9] 5,627.5 15, 627.5 
LB Xe) ats See lb RO Rp aan eee re $189.49 | $4,227.24 | $1, 448.62 $34.65 | $5,900.00 
Materials. os. ae =sccr- tien ae oe tinea Soci ee once e meletic cel neurite sineere- | Seta aie es 211.50 11.50 
Total’ costes ease esa ee cea 189.49 | 4,227.24| 1,448.62 46.15 5,911.50 
Unit COSt ase a eee eee eee 37.89 -3ld | - 6618 - 003 -38 
1 Includes 7,796.4 square yards shoulders. 2 Coal oil, etc. 
TaBLe 10.—Cost data for drainage structures. 

Con- Ds French) Cobble Con- . Brick |Drainage 

Items. | crete BEAD sub- | sub- ee crete eaves copble PENG head | system 

culvert. ‘| drain. | drain. - | gutter. | SUbter- ‘ * | walls. | (total). 

Cu. yds.| Lin.ft. | Lin. ft.| Lin.ft.| Lin.ft. | Cu. yds.| Sq.yds.| No. | Lin.ft.| Cu. yds 

Quantity. -| 1 35. 83 2 323 420 200 100 | 33.96 66 2 146 NI 5987 Ne eee 
Labor....- $221.55 ; $177.57 |$219.79 | $25.62 | $66.28 |$149.00 | $89.48 | $75.16 | $50.15 |$220.08 |$1, 294. 68 
Material. .-|?150.00 |4292.29 | 71.09 ).....-..|.------. 3100. 00 3.12 5.80 () 135. 60 724.62 
Total. -| 371.55 | 469.86 | 290.88 | 25.62] 66.28 | 249.00 | 92.60} 80.96) 50.15 | 355.68 | 2,052.58 
Unit cost..| 10.37 1.45 - 69 128 - 663 7.30 1.40] 40.48 O40) | 2241) |b esoeeee 


1 Includes retaining wall of 5.63 cubic yards of concrete. 


2 Includes 103 feet of vitrified pipe repaired and relaid, labor on the same $29.12, included above. 


3 Estimated. 


4 Of this amount $137.95 was for material bought and not used on Mount Vernon Avenue, and $10.44 for 


separate lengths of vitrified clay pipe. 
5 Furnished by the county. 


TaBieE 11.—Cost data for incidentals. 


J } { 
Super- iene ipet Guard Waste | p d| Miscel W.& | 
Ttems. Hanan) See | BRST) NEN i ortiie: | oes [eee On ID, |b Tash 
ence, | ment. | work. | rail | 772 | stones. |laneous. Ee. 

abort caectecssccceeccs S29051 0) Se seeeees $172.09 |$262.06 |....---- $18.53 | 3 $8.00 |$335. 64 |$1, 086. 42 
Materials 252 aziz oe- semigs soe | oes bias lees 8.75 | 543.29 |$266. 08 6256 seckes [acer 824. 68 
Rent and insurance. ....-- UOC ESO 00) Roseeass Becsansd lageoseselssuuceod Ges seodisoeaseds 1,170.00 
= Motalsecr screens 790.10 | 670.00 | 180.84 | 805.35 | 266.08 | 25.09 8.00 | 335.64 | 3,081.10 


14,519 linear feet at 17.7 cents each. 


2 Includes 20 barrels left on road, lost by overturned barrels burned, and material adhering to staves 


(estimated 1 per cent) and used to dip posts. 
3 Storing extra posts. 


4 Includes rent of roller, $30, also depreciation on roller, heating kettles, and small tools. 


TABLE 12.—Cost data for foundation course. 


: Founda- 
c Loosening - aaah 
Ttems. oes | and load- | Hauling. | Spreading.| Rolling. at Bee: 
Tate (total). 
Tons. Tons Tons. Sq. yds. Sq. yds. Sq. yds. 
Quantityersemtere rene tense 5, 604.4 5, 604.4 5,604.4] 15,487.7] 15, 487.7 15, 487.7 
Taborsit: meres ey, A(R LOA Ee $528.58 | $1,453.30] $470.84 $47.74 | $2,500.46 
Materials 5. < -snicc c= sicgacers: | $324.10 45: 00. 2sccsassaoee oot eee 15. 49 384.59 
Total sae sas oes 324.10 573.58 1, 453.30 470. 84 63. 23 2, 885. 05 
Cost per square yard... . 0209 - 0370 - 0938 0304 . 00408 - 1863 
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TaBLe 13.—Cost data for surfacing. 


: 
A ‘ Applica- 
Stone on | Spreading | Bitumen Pp . Surface 
Item. work. stone. | on work. zouk Rolling. | complete. 
Tons. Tons. Gals. Sq. yds. Sq. yds. Sq. yds. 
@huemiiinyeescs ater r ees eee 2,177.39 2,177.39 | 31,197.17 15, 287.7 15, 287.7 15, 287.7 
abo se soctsse pase ses $1,065. 10 $215. 81 $100.74 | $259.13 $47.57 $1, 688.35 
WEREEREAISte = Sons e os5 tise 2 OdORO lial |= 17sec Pra abd Wel ee temaeacare 18.11 5, 394. 95 
ADORE oe Serenata que isie tre 3, 898.77 215. 81 2,643.91 259. 13 65. 68 7,083. 30 
WG Caste... os eee tees 2s $1. 790 $0. 099 $0. 0847 $0. 017 $0. 0043 $0. 463 
TasLe 14.—Total costs. 
; Unit Per cent 
Item. : Quantity. Cost. ois. of total. 
Sq. yds. 
SHDSTAG Ores ee ese cies she Leucine tio exces eget ed 15, 627.5 | $5,911.50 $0. 38 28.1 
STAIN AP epee eee ie ere oe eh ecm Bale a PME 2 espana ctelsha Satalals 20022084 e eer eee ne 9.8 
Grayeuioun dati One=s= 5 ss22 "ise Nase e ee ace sane e es 15, 487.6 2, 885. 05 19 13.7 
SHIRE ACI em eee scree oe nae Heat S4ceh - eeigs ase ae ee ee | 15, 287.7 7, 083. 30 46 33.7 
IGG GEE Lp ecoaesne Ge eo ce SEOs GSE Cs “BREE Gece eee Le ESE eee SAOSIN ONlReseemenes 14.7 
TRGB as A seg © SN Se ms oo aes Oh oe Hl WIELGR llscesecseec 100 
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TasBLE 16.—Total costs. 


. Stone on | Unload- | Hauling | Spread- | Chips on | Unload- | Hauling | Spread- 
Experiment No. siding. jing stone.| stone. jing stone.) siding. jing chips.| chips. |ing chips. 
ee ee aetna ues $453. 92 $75.25 $31. 94 $25.96 | $115.61 $20. 75 $8. 81 $11. 92 
Fee asec ya sptee ie ESR 518. 7. 85.18 72.36 29.39 130. 85 23.48 19.95 13.50 
Sees ase raisetese esses 529. 00 87.72 111.78 30. 26 134. 74 24.18 30. 81 13. 90 
(i Tale ay ge 510. 93 84.72 131.15 29.23 130. 14 23.35 36.16 13. 42 
Gi en a Coe Ue a 104. 36 3.70 33.45 6.18 14.37 3.00 15.20 3.10 
OD hoe estate eee 104. 36 3.70 33.45 6. 68 28.77 1.65 8. 62 2.60 
(PENG Hegel ee eae 36.77 24.30 52. 94 27.43 1 26.10 16.00 111.50 12.24 
Total 2,253.09 | 364.57 | 467.07 | 155.13 | 580.58 | 102.41} 131.05 60. 68 
1 Add sand. 
Rolling 
Bitumen . Loading | Apply- 
. Hauling x 
Experiment No. on bi and ing Total. 

. itumen. . a Penetra- | Penetra- 

siding. heating. | bitumen. tion Asai GHG 

stone. | seal coat. 
ee eae eaics sccm ees ansiscccies. $502. 58 $18.79 $18.90 $29. 45 $9. 24 $2.54 | $1,325.66 
PD ee ae eels nie oe iss Gemini oweree 585. 96 21.25 21.36 33.31 10. 46 2.88 | 1,563.68 
eee ee seer ee eae isis cinco oe 521.44 21.89 22.01 34.28 10.76 2.97 1,575.74 
Aree eee a tL Ease esse tec 530.05 21.14 21.25 33.10 10. 40 2.86 | 1,577.90 
rr a oiciniaiors ieisecias isa siciaie 148.34 5.87 5.91 9. 20 4.20 -54 357. 42 
Gaya sae te ce ease - Deka: 167.07 5.93 5.96 9.29 4.20 - 66 382.94 
MANO Setar ts sae Sate ee s <.-e desire 87.73 5.87 5.91 9.20 2.72 1.25 299.96 
otal yo eeie kc aet2 42 2,543.17 100. 74 101.30 157.83 51.98 13.70 | 7,083.30 


Prices or Lasor AND MATERIALS. 


The above cost data are based 


upon the following unit costs for 


labor and materials (f. 0. b. nearest siding): 


Common labor, per day, $1.50 to $1.75. 
Skilled labor, per day, $1.75 to $2.25. 
Teams, per day, $4.00 to $4.50. 
Foreman, per day, $2.25 to $4.00. 
Carpenters, per day, $2.50 to $5.00. 
Roller man, per month, $65.00 to $70.00. 
Superintendent, per month, $125.00. 
Trap rock, f. o. b. siding: 

14 inch, per ton, $1.40. 

Chips, per ton, $1.65. 
Gravel, pit-run, per ton, $0.067. 
Gravel, pea, per cubic yard, $1.50. 
Tar, per gallon, $0.0805. 
Oil asphalt exp. Nos. 2 and 4, per gallon, 

$0.0825. 


Residual asphaltic petroleum, per gallon, 
$0.097. 

Oil asphalt exp. No. 6, per gallon, $0.085. 
Cement, per barrel, $1.65. 
Washed gravel (concrete), per ton, $0.75. 
Sand, per ton, $0.55. 
Lumber, per M, $25.00. 
Reinforcing steel, per pound, $0.03. 
Coal, per ton, delivered, $4.00 to $5.00. 
Cast iron pipe, 16-inch, per foot, $1.35. 
Corrugated metal pipe: 

15-inch, per foot, $0.67. 

18-inch, per foot, $0. 783. 


Additional items of depreciation, repair, interest and rental on 


equipment, etc.: 


Penetration equipment, $300. 00. 
Roller, $250. 00. 

Wagons, $50. 00. 

Plows, small tools, $70.00. 


Bond, insurance, superintendence, trans- 
portation and travel, general office, 
$790. 00. 
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Taste 17.— Volume and character of traffic on Russell Road. 


(This table gives the results of traffic counts taken before and after improvement of the road. 


Average after improvement.? 


Average hefore im- 
provement. 


Maximum. Average. 


North- South- North- South- North- South- 
bound. | bound. | bound. | bound. | bound. | bound. 


Loaded 1-horse wagon....-..--.-.-.- 
Unloaded 1-horse wagon..........--- 
Loaded 2-horse wagon..-..-----.----- 
Unloaded 2-horse wagon..-.--.-.----- 
Loaded 4-horse wagon....---.------- 
Unloaded 4-horse wagon....--....--- 
One-horse pleasure vehicle... .--..-- 
Two-horse pleasure vehicle. - - 

Rubber-tired horse vehicle... 
10) Saddle horses-sc- 02 7-4 eeee eee ee 
1A} Motoneycless2s eb eniete see 2 Je : 
12 | Excessively heavy vehicle........... 
13 | Motorrunabout......--.-.--.------- 
14) | Motor tourmeicars 2222 22. eee 
15 | Loaded motor dray....-....---..--- 
16 | Unloaded motor dray.........------- 


OOON DOU CON 
= 


ODMR WOO WR tr 


on 
RSPNOOODNONCRrFOFWEH DO 


on 
BD NOORDOONCCOFFROSO 


1 Average of seven days in June, 1915. 2 August 3 to December 24, 1916. 


SUMMARY OF EXPERIMENTS ON THE RUSSELL ROAD. 


The following report describes the condition of the experiments 
when inspected on January 11, 1917. 


EXxPEeRmMeENT No. 1.—Bitumrnous Macapam, REFINED WATER-GAS TAR. 


The surface of this experiment is true and regular, but has a very 
rough appearance, due to the wearing away of the seal coat. It 
has raveled slightly in a few places, but is in excellent condition for 
the application of another seal coat and should have it at the earliest 
possible date. 


ExpreriMent No. 2.—Briruminous Macapam, REFINED WatTER-GAS Tar, Om 
‘ASPHALT SEAL Coat. 


This is in practically perfect condition and shows no tendency to 
ravel or disintegrate. The surface is much smoother than that of 
No. 1, and offers an interesting comparison between the relative 
wear of tar and asphalt for a seal coat material. 


EXPERIMENT No. 3.—Britruminous MacapAm, REFINED CoAL Tar. 


The general appearance of this surface is between that of experi- 
ments Nos. 1 and 2. It shows some tendency to ravel and needs a 
medium heavy seal coat. 


EXPERIMENT No. 4.—Bituminous Macapam, ReEFrinepD CoaAt-Tar, Om ASPHALT 
SEAL Coat. 


This surface appeared to be intact .and satisfactory im every 
respect at the time of inspection, and was appreciably smoother than 
that of No. 3. 
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Experiment No. 5.—Biruminous GRAVEL MAcapAM, REFINED WATER-GAS TAR. 
EXPERIMENT No. 6.—BituMINoOUS GRAVEL MaAcapDAm, Or1L-ASPHALT.. 


There is practically no difference between the two sections at this 
time, nor is there any evidence of the point where the use of grout 
was discontinued after a short section had been laid. The surfaces 
are in excellent condition and show the aggregate throughout, but 
there is no raveling or displacement. 


ExprrimMent No. 7.—GRAvEL, SurFAcE TREATED with ReEsIpUAL ASPHALTIC 
PETROLEUM. 


This experiment had a double application. It is rather badly 
waved from the edges to the quarter points and shows a tendency to 
form broad, shallow depressions in the wheel tracks. The mat, 
however, is practically intact and uniform, and except for the wavi- 
ness along the sides, may be considered in satisfactory condition. 


EXPERIMENT No. 8.—GRAVEL, SuRFACE TREATED WITH RESIDUAL ASPHALTIC 
PETROLEUM. 


This experiment had only one application. It has a few waves, 
and inequalities of application have left long lean streaks in the 
surface. At one point slight raveling has started along one of these 
streaks and the mat is irregular, and, where lean, shows a marked 
tendency to crumble. 

Such expenses as have been incurred for the maintenance of this 
road will be carried forward and reported in the next progress report. 


EXPERIMENTS ON THE ALEXANDRIA-ACCOTINK ROAD, FAIRFAX 
COUNTY, VA. 


BITUMINOUS GRAVEL CONCRETE AND EARTH OIL-ASPHALT. 


This experimental project is located on the Alexandria-Accotink 
Road, in Fairfax County, Va. It begins at the south end of Hunting 
Creek Bridge, the corporate limits of the city of Alexandria, and 
runs in a southerly direction to Gum Spring. The road was im- 
proved originally during 1914-15 under the post-road act of August, 
1912. It was surfaced to a width of 14 feet with gravel, the com- 
pacted depth of which was 7 inches. The maximum grade was 7 
per cent. 

The old gravel road was reshaped, given a crown of one-fourth 
inch to 1 foot, and covered with an experimental surfacing. The 
total length of the road was 25,100 feet. The width surfaced was 
14 feet, except at some sharp curves and road intersections, where it 
was widened. Gravel shoulders were constructed on either side of 
the finished surface. These were made 4 feet wide in fills and 3 
feet in cuts. The thickness of gravel at the edge of the surface was 
4 inches. 
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In addition to the surfacing and shoulders some extra work was 
done. Guardrail was built from station 57+50 to station 62+00, 
station 198+00 to station 204+00, and station 248+00 to station 
250+00. Several pipe culverts were lengthened and new headwalls 
built. A new 4 by 4 by 33 foot concrete box culvert was built at 
station 133 +55. 


BituMInovus GRAVEL CONCRETE. 


Location, station 0+-00 to station 217-++00. 
station 223-+00 to station 250+80. 

Total length, 24,500 feet. 

Total area, 38,442.6 square yards. 

The materials for this experiment were: 

Asphalt.—Oil asphalt; see typical analysis in Table 18. 

Aggregate.—Crushed and screened gravel from the Ayers pit. Fine 
ageregate passing }-inch circular openings, coarse aggregate passing 
14-inch and retamed on }4-inch circular openings. Fine aggregate 
contained less than 5 per cent of clay. 

Limestone dust.—Ordinary ground limestone used as filler. 

Pea gravel.—Washed Potomac River gravel, screened through 
34-inch and over }-inch screen. Used as top-dressing for seal coat. 

The mixing plant was of the stationary type, operated by steam 
power. The gravel was excavated by hand, run through a jaw 
crusher, and screened to remove tailings before it was heated. The 
heating was done in two rotary drums, wood being used as fuel. 
The fine and coarse aggregates then were separated by means of a 
1_-inch screen and stored in two bins immediately over the mixer. 
The asphalt was heated in two kettles supplied with steam coils, and 
the mixing was done in an ordinary twin pug mixer. The average 
time for mixing a batch was 1 minute. Table 19 shows analyses of 
several samples of mix taken at the plant. Table 20 shows similar 
analyses of road samples of mix. 

Most of the hauling was done with 1-ton autotrucks, which carried 
three batches of the hot mix ata load. On the longest haul distances 
several two-horse wagons carrying four batches to a load were used 
to supplement the trucks. 

The hot mix was dumped from the trucks or wagons onto a steel 
dumping board and spread with hand shovels and asphalt rakes. 
Then it was “‘set’”’ by rolling with a 23-ton tandem roller and com- 
pacted to its final shape with an 8-ton tandem roller. The loose 
depth of the hot mix averaged about 2? inches, and the compacted 
depth was not less than 2 inches. The temperature at which the 
material was spread ranged from 200° to 300° F. 

The seal coat was of the same asphalt used in the mix, covered 
with pea gravel. The asphalt was spread at a temperature of about 
350° F., about one-third gallon per square yard bemg used. The 
pea gravel was spread at the rate of about 1 cubic yard to 150 square 
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yards of surface. After the gravel was spread the surface was rolled 
with the 8-ton tandem roller. 


Eartu-O1, ASPHALT EXPERIMENT. 
Location, station 217-++00 to station 223-+00. 
Total length, 600 feet. 
Total area, 934.8 square yards. 

The experiment was based upon laboratory investigations which in 
May resulted in the construction of a 50-foot section of earth-asphalt 
on the Arlington Farm of the Department of Agriculture. The 
section selected was a part of an earth road, the soil of which was 
largely fine clay. About 2 inches of this material was removed from 
the surface and the section was brought to a uniform grade and cross- 
section and rolled with a 2-ton tandem roller. The excavated mate- 
rial was hauled to a local paving plant, mixed with water and hot 
oil asphalt to form a mixture of proper consistency, which was 
deposited in a layer about 3 inches thick on the earth subgrade above 
described. The mixture in this case was too stiff to be handled 
satisfactorily with rakes and too soft to be rolled. It was shaped 
in the best manner possible with shovel backs and allowed to dry 
out. The surface hardened rapidly, with the formation of numerous 
contraction cracks. These were filled with a thin grout of the same 
mixture used in the surface, and the section was opened to traffic. 
It remained in excellent condition throughout the summer and 
autumn, although the contiguous earth road was almost impassable 
at times in wet weather. At about the time freezing weather set in 
traffic was cut off the section in order to make some drain connec- 
tions. It soon was observed that the soil-asphalt surface began to 
crack, owing probably to the effect of frost action on the underlying 
subgrade, and in a short time complete disintegration extended from 
the sides toward the center. 

The materials used in the longer experiment about to be described 
were a very homogeneous clay soil, asphalt, and water. The prop- 
erties of the soil and asphalt are shown in Tables 21 and 18, respec- 
tively. 

The mixing was done at the same plant used for mixing the bitu- 
minous gravel concrete, but in an entirely different manner. The 
soil was measured first into the mixer just as it came from the bank. 
Water was admixed to form a rather sloppy mud, after which the 
hot asphalt was added and the mixing was continued until a uniform 
gray color was produced. The temperature of the asphalt was about 
250° F., but the temperature of the fresh mixture was only slightly 
higher than that of the air. The proportions of the mixture were 
such that each batch contained approximately 560 pounds of earth, 
100 pounds of asphalt, and 25 to 30 gallons of water. Results of 
analyses of the mixture show an actual percentage of asphalt of 14.68. 

4588°—18—Bull. 586-3 
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TaBLE 18.—Analyses of asphalts. 


Experiment. 
Bitumi- 
Clay 
nous gravel 
concrete. asphalt. 
Speciliceraviti255/250 Ch eeace sme sealers te mse ee ee eee eee ae eae ae ae 1.041 1.035 
elting point wC wee en esensescese eee - 54.5 55 
Penetration at 25° C., 100 grams, 5 sec... 64 101 
Loss, 5 hours, 163° Gy 20 grams>_......-....- be - 28 -42 
Penetration of residue, asiabove: ste ee ete ee J BUSS AR Ae faaes eaabds Sseee 42 57 
Per cent of total bitumen insoluble in 86° B naphtha..........-...-..--.-----.-- 29. 48 27.09 
IDrbatol CaO 0 Ae SS Sa) Se Ree ocbdbahonced sasee suse sods odeenbobscendace per cent. . 18. 88 17. 03 
Seluplain CS; (total bitumen). ey eee fey ee deccen 0 Peed) dons 99. 45 99. 86 
Organic matter, jnsolubles sss sce cscs ee eine neler eine eee elena do.... 16 -10 
Inorganic matter, insoluble.......-.-.- Sobsecrebond $436 ostcegeoerscoeeas do.... -39 04 
Botaeye eee ete eae ie ee ANSE cl enB RMR ER eae AER Cueva ab. Seine do.... 100. 00 100. 00 


Taste 19.— Tests of bituminous concrete (plant samples). 


Sample | Sample Sample | Sample 


3 having having Average 
having having | maximum | minimum of 61 
maximum | minimum | “coarse coarse samples 
bitumen. | bitumen. ‘pies. 


aggregate. | aggregate. 


Per cent. Per cent. Per cent. Per cent. Per cent. 


IAT Oo oteguenopeconscosdesesmesaze= 8.5 5.2 5.4 -0 6.5 
Aggregateretained on j-inch screen......-- 48.4 59.0 68.3 34.1 54.5 
Passing } inch screen and retained on 200- 
MeSHSIOVOsP eee see eeeee eee ar terrae 38. 5 34.3 23.3 55. 2 35.8 
Passing 200-mesh sieve...-..-..-.---------- 4.6 1.5 3.0 3.7 Sue 
Totalsaetesis secee sce tcc es osiceee ae 100. 0 100.0 100.0 100. 0 100.0 


TaBLE 20.— Tests of bituminous concrete (road samples). 


Sample Sample Sample Sample 


F F having having Average 
having having | maximum | minimum of 42 
BESTE || aeveNee Eee coarse coarse samples 
bitumen. | bitumen. TASS 


aggregate. | aggregate. 


AB iLMIMOn Ts ee ent Te te re nat ear re ee 8.8 4.0 5.1 6.4 
Aggregateretained on {-inch screen.......- 52.9 62.8 66. 8 46.5 54.5 
Passing +-inch screen and retained on 200- 
MESHSIOV PS saree eee eee aseaesee ee sear 35. 8 31.3 25.7 41.6 36.1 
Passing 200-mesh sieve...........--...----- 2.5 1.9 2.4 3.4 3.0 
FENgu) Bo AA eg A A BeNOR 100. 0 100.0 100.0 100.0 100.0 
TABLE 21.— Mechanical analysis of earth. 
/ Per cent, 
Passing }-inch screen, retained on 10-mesh sieve..............--------------- 0.4 
Passing 10-mesh sieve, retained on 20-mesh sieve...............--.-.---- ree ioeeed (0) 
Passing 20-mesh sieve, retained on 30-mesh sieve...............----.-------- 2.0 
Passing 30-mesh sieve, retained on 40-mesh sieve..............-------------- 3.0 
Passing 40-mesh sieve, retained on 50-mesh sieve..........------------------ 3.0 
Passing 50-mesh sieve, retained on 80-mesh sieve.......-..-------------+---- 4.8 
Passing 80-mesh sieve, retained on 100-mesh sieve...........-..------------- 2.2 
Passing 100-mesh sieve, retained on 200-mesh sieve..............------------ 4.6 
Passing 200-mesh sieve..........--...- BOC, SAMAR ERA i PRN eee COMED LT Ye 79.0 
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SUMMARY OF COST DATA. 


The cost data for the experiments described above are presented 


in Tables 22 to 24. 


TABLE 22.—Quantities and costs of materials. 


Unit cost. 
ior Quantity in Kind of Quantity of Total Re- 
ns work unit. material. material. Bele Work | Cost. | marks 
Tia : 
unit, | Unit. 
Cents 
Foundation re- | 39,377.4 square | Gravel (run-of-| 150 cubic] $0.05] 0.019] $7.50) Esti- 
pairs. yards. pit). yards. \ mated. 
Shoulders. ....--| 50,160 linear-feet.|..... GOeese eee 2,500 pe ubic 05 -25 | 125.00 Do. 
yards. 
et as Graveliss-sesce- 3,500 he ubie -10} _.91 | 350.00 Do. 
face itu- yards. 
minous gravel ore square 1) 4 sphalt.......-- 380.66 tons....} 15.00 | 14.59 [5,609.90 | Asbilled. 
concrete. yates. Limestone dust.] 98tons........| 6.00] 1.53 | 588.00] Do. 
Pea gravel for | 365tons......- 1.50] 1.42 | 547.50 Do. 
seal coat. 
Surface, earth | 934.8 square irae BODOSeSase 85 cubic yards. -10 -90 8.50 Do. 
oil-asphalt yards. Asphalt......... 14.35 tons... .. 15.00 | 23.02 | 215.25 Do. 
Phra WOPK cs. aio. 2-.-2-+--5-=-~- Alling torialseee: 3: DCS eae ee asa eee sacs | te aeons TANG Tp eee sees 
TaBLe 23.—Labor cost. 
Unit 
Item. Quantity. Operation. Tahoe labor 
; costs 
: Cents. 
Slapine eeneseee eee eseece $1, 758. 46 4. 467 
Houndaonl.-..+.----- 42255 39,377.4 square yards. ....- Spout ie eee eee ssece 175.50 -445 
Sil |Rolling:- a teecen seas cae oe 310.31 . 787 
2,244.27 5.699 
Hauling asphalt.....:..... 547.75 1.424 
Maxin geen ede tere saee ae 5, 826. 62 15. 156 
sence ; an at aia bik 2.278, 06 6. 640 
ituminous gravel con- etting headers....-...... 46.9 1.421 
crete surface. \38,442.6 square yards------ Spreading mix............ 1,394.37 3.627 
: Iso) MMs Se eo cc coo secre 295. 81 - 765 
BSealitigwe taste ens snes 506. 50 1.315 
Hauling pea gravel.-...... 299.26 -777 
11,970.31 31. 125 
eee mee | HB 
P ULI OA ene eae ete ee 5. 1.26 
Earth oil-asphalt surface....| 934.8 square yards......... Setting headers... ....... 9.00 06 
SPLeagin ey ees nceee nee. 83. 56 8.93 
429. 56 45.94 
Toosening and loading....| 888. se 1.772 
: a Peis Peo ba eels 1,310. 06 2.611 
Gravelshoulders..........- 50,160 linear feet........... Spreading................. 953. 15 1.899 
ROLing Seeger a ecn nny: 16.00 .031 
3, 168.05 6.313 
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TABLE 24.—Summary of material and labor costs. 


Cost 
Item. Quantity in working unit. | Totalcost. | per work 
unit. 
Foundation: Cents. 

IMATenial cee ten tec eels kere oe ai ed 39,377.4 square yards. ..:...- $7.50 0.019 
IDOL) sae PN Cera iora arma init hes Seema aa vd aa be tn MALI Neh aaa, tar arate 2,244. 28 5. 699 
Tota ees Passat see eae cece las oie le Sate Sia eae all Somine eels tne hates Me eleek mnianen eis Se laa nists ceeeie 5.718 

Shoulders 
Material] si. see ote ea eck eb scicscccccisce<ces 50,160 linear feet..-.........- 125.00 5745) 
DOD etseatealacrte ae a oe eieole se sls ee sec leiaicn| oie eos cine ties Seneca Wenecae anes 3, 168.05 6.31 
1 No} 1 aren eNO re A open I eS ee a ae Seta ees rt bik etree tiie Stam Ieaaed (arte i AI 6. 56 
Surface: 

Bituminous concrete material.........-..-.... 38,442.6 square yards...-.... 7,095. 40 18. 45 
11000) Se BdS64s Samos Sacco SNeCbes Sao SS SDU NEES S Sab GdagmenoasEes sooderusoepascars 11,970.31 31.138 
TOA SS hae Boe a ee aces Aemtine tell deans aoec owen seen ROE Ee Gaca=| wameemremanee 49.58 

Surface: 

Earth oil-asphalt material.....-..-...--.---.- 934.8 square yards..........-. 223.75 23.92 
DOV eee oe ese since cca clsocs oeiie cen aaelalac cote meinen siete Nemesis acies 429. 56 45.95 
Totals othe Seca me sec wisboe sacite ce sascha ees cate Meee mnie cae esac eee eee eto 69. 87 

Incidental expenses esseae Sass fee cee eee tacit ce ame nctolee Sailer se estas WAO00%00" Sea se eee ee 
RELA WODK S S ee cto oie ccs ease ate eee cimicveinleralaneicla areca | ets aH IR er IPOS Ua rec Rie 230 SLO} eee ee eee 
Lotal'costitiecn sec ccncectencine ec tele elo oi nce see |e oi nine ticloie sseenietlemeinee erie tise 335493390) sence oeeeee 


The above cost data are based on the following unit prices of 
labor: 


HOremeneerececeketcs cased sie Sse acl «DEF cay. of 8 hours. . $4. 00 
Rollermen and skilled laborers..............-:.------ dozer. 4.00 
Malo ON ers her ersane o.oo) Me eee RA Le eee LAN on per day.. 1. 60-2. 40 Ss 
Trucks ee oa aie ans A. Lee ROI SRLS BOE per hour... 1.00 
DRC aM Say ue cuaatse ates Lene ce baper sie, ssc eo cis ciopaes per day. - 4. 50 


SUMMARY OF EXPERIMENTS ON ALEXANDRIA-ACCOTINK ROAD. 

The following describes the condition of the above experiments 
when inspected on January 11, 1917. 

EXPERIMENT No. 1.—BirumInous GRAVEL CONCRETE. 

The surface of this experiment is practically in perfect condition. 
Difficulty has been found already with the rutting of the right-hand 
shoulder going down steep grades, but at the time of inspection there 
was no indication that the edge of the surfacing had begun to shear. 

EXPERIMENT No. 2.—EartH Om ASPHALT. 

This section never had an opportunity to dry out thoroughly, since 
freezing weather came on the day following its completion. During 
thaws it was kept in shape for some time with a road grader and small 
tandem roller, but at the time of inspection was rather badly rutted 
and broken through to the gravel foundation in two places. 
EXPERIMENTS ON THE GUM SPRING-MOUNT VERNON ROAD, FAIRFAX 

COUNTY, VA. 
BITUMINOUS SURFACE TREATMENT ON A NEW GRAVEL ROAD. 

The Mount Vernon Road extends from Gum Spring, in a southerly 
direction, 2.05 miles to the Mount Vernon estate, and is wholly in 
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Fairfax County. This road had been reconstructed and surfaced 
with gravel only a few months before the experimental surface treat= 
ment was undertaken. The principal features of the road may be 
- described briefly as follows: 


Milena bIMOntOAdss Je sae sees aco na aciasls ee aisieisiacitcad ass sie aa 24 feet. 
antnwidhh of otavel suriaces <2 02s -s\44 5-2-2 esis eee eee 16 feet. | 
Compacted depth of gravel (2 courses having respective depths of 
Samigiomnehes iss seoecgjiet ysl Pyne eters Sask as kieScles sacl. 8 inches. 
Sr RompieeneTOn ga se ces Sh 9S OEY SB ho i i RS hae cits 4 inch to 1 foot. 
eG GReIANTI TI OTAMC 98 2525S oo ceo ae on ve Bam Sore orks = Se ee enee ee 5 per cent. 
Pe SRC ON GMOS =e sesae Soon os seit c Saya els «nisin eas selnsicin sa Favorable. 


Gravel for use in the original construction was obtained from the 
county pit, located about 500 feet south of station 0+00 at Gum 
Spring, and the Walker pit, located about 100 feet east of station 
92+50. The gravel from the county pit was used from station 
0+00 to station 48+00, while that from the Walker pit was used 
from station 48+00 to the south end of the road. The mechanical 
analysis for the material from each pit is shown in Tables 25 and 26. 


TABLE 25.— Mechanical analysis of sand-clay gravel from Walker pit, Fairfax County, Va. 


Per cent | Per cent 


Per cent 
Totals retained. Passing— Retained on— of | cfCoarse| of fine 
sample. | ®88Te- | agere- 
gate. gate. 
Per cent. 
3-inch screen......-------- 6.5 || 1-inch sereen....| #-inch sereen.... 6.5 OO Ley tal (i aa a 
PeITICMSCRERMe sear cic in = 5) 15.9 || 3-inch sereen-...| 4-inch screen... 9.4 3059) | Gece aoanis 
34-inch screen.....--------- 30.4 || 4-inch screen... .| +-inch screen... 14.5 ARIE ees acceie 
10-mesh sieve 40.6 || 4-nch screen. ...| 10-mesh sieve.... IMP) |ossssceaac 14.7 
20-mesh sieve 45.5 || 10-mesh sieve....| 20-mesh sieve.... BO) See ssecsee 7.0 
30-mesh Sieve...........-- 59.2 || 20-mesh sieve....| 30-mesh sieve.... ae ye eee 19.7 
40-mesh sieve.........-.-- 77.2 || 30-mesh sieve....| 40-mesh sieve.... ASEON ee eU eee 25.9 
50-mesh sieve.....-...---- 85.3 || 40-mesh sieve....| 50-mesh sieve.... Se LM ak Fa ae 11.6 
80-mesh sieve.........-.-- 88.4 || 50-mesh sieve....| 80-mesh sieve.... i lig a Me a cea 4.5 
100-mesh sieve..-.....-.-- 88.9 || 80-mesh sieve....| 100-mesh sieve -. Alay ee See af 
200-mesh sieve-.-.....---- 89.6 || 100-mesh sieve ..| 200-mesh sieve .. ea (el traps edd 1.0 
200-mesh sleve ..}.............--..-- LOS4 3 iso tees 14.9 
100.0 100.0 100.0 
TABLE 26.— Mechanical analysis of sand-clay gravel from county pit. 
Per cent | Per cent 
Per cent 
Totals retained. Passing— Retained on— of coarse | of fine 
sample. | 288"e- | agere- 
gate. gate. 
Per cent. 

i-inch sereen......:.--..-. 4.8 || 14-inch sereen...] 1-inch screen.... 4.8 SI Gr Mee ane. 
2-inch sereen.....-..-..--- 15.6 || 1-inch screen....| 3-inch screen.... 10.8 nL 87) i Seales 
z-inch screen-.....-.---.-- 34.6 || inch screen....| 4-inch screen.... 19.0 34:0) |e eee 
4-inch screen............-- 55.9 || 4-inch screen....| 4-inchsereen....}“ 21.3 Oe) Bl | eet 
10-mesh Sieve.......-.-.-- 69.9 || 4-inch sereen....| 10-mesh sieve.... EEN RGeeasaane 31.7 
20-mesh Sieve...........-- 74.5 || 10-mesh sieve....| 20-mesh sieve.... 456M goa 10.4 
30-mesh sieve............. 80.3 || 20-mesh sieve....| 30-mesh sieve.... Ee) epee 13.2 
40-mesh sieve...........-- 86.5 || 30-mesh Sieve....| 40-mesh sieve.... GER a se 14.1 
50-mesh sieve.....-.....-. 88.6 || 40-mesh sSieve....| 50-mesh sieve.... Dit Coe e ern 4.8 
80-mesh sieve.......-...-- 91.1 || 50-mesh sieve....| 80-mesh Sieve.... 2 Oi ea ee 5.7 
100-mesh sieve............ 92.0 || 80-mesh sieve....| 100-mesh sieve .. Eales arth As 2.0 
200-mesh sieve............ 93.7 || 100-mesh sieve ..| 200-mesh sieve .. Ne ee aCe 2.9 
200-mesh'SI@VO tL.) ooo. ccceceeseeree Gee eases 15.2 
100.0 100.0 100.0 
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The traffic over this road varies considerably from season to 
season and has not yet been studied in detail. It consists for the 
most part of tourist automobiles going to and from Mount Vernon, 
which accounts for the extreme variability. It is planned to make 
periodic counts of the traffic, and to publish the results in future 
progress reports. ! 

The purpose of the experiments was to gain information regarding 
the results to be obtained by using certain bituminous materials in 
the surface treatment of gravel roads. Three different materials 
were used, and the road was divided into three sections, according 
to the kind of bituminous material in the surface. Section 1 extends 
from station 0+00 to station 23+55; section 2 from station 23 +55 
to station 85+45, and section 3 from station 85+45 to station 
109+00. Before taking up the description of the experiments sepa- 
rately, the data common to all three will be stated briefly. 

The work was done by contract between November 3 and Decem- 
ber 5, 1916, during which time there were only 15 weather working 
days. ‘The contract prices are given in the latter part of this report. 

In all of the experiments the road first was swept clean with a 
horse-drawn rotary broom, followed by men with push brooms. 
The bituminous material was applied under pressure of about 15 
pounds per square inch by means of a motor truck distributor of a 
capacity of 1,200 gallons. The spray line of the distributor was 
8 feet long and covered one-half the width of the road at a trip. 

The top-dressing for all of the surface treatments was obtained — 
from the Walker gravel pit and consisted of pit-run gravel from 
which the coarser particles had been screened out. The screening 
was done by hand, and the screen used had approximately 1-inch 
opening and was inclined at an angle of about 45°. As shown by the 
mechanical analysis of this material, given in Table 25, comparatively 
few particles passed the screen that would not pass a 4-inch mesh 
laboratory screen. The gravel top-dressing was hauled out in a 
5-ton automobile truck and distributed in piles about 30 feet apart 
along the road. The spreading was done by hand. 


EXPERIMENT No. 1.—SurRFAcE TREATMENT WITH COAL-TAR PREPARATION, APPLIED 
Cop. 


Location, station 0+00 to station 23-+-55. 
Total length, 2,355 feet. 
Total area, 4,187 square yards. 

The tar used in this experiment was hauled from Washington 
in the auto distributor, and applied at the average rate of 0.49 
gallon per square yard. Table 27 shows the analysis of the tar. The 
temperature of the material at the time it was applied was about 
150CcR. 
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TaBLE 27.—Analysis of coal-tar preparation ! used on experiment No. 1 and for first 
application on experiment No. 3. 


RAS EMR OTA VAG ZO (20 OI) fs a Sra pa «5 be incl nrtye a aid ein 0 ah 1.145 
wipectne wiscosity, breler 40” ©.,/O0iC. C22 2 son 0 2 cle lerale ei a a ache thn Wha as 14.4 
Per cent free carbon...........-. Eee ee ea Fes eda 6. 24 
Distillation: 
Per cent Per cent 
: by volume. by weight. 
OV SLES SS SS SR ACG PRE Yee So SNC EE tr 0.0 0.0 
ersiguict oust Ca) a. 235. eens Sees oe seem einen acc 0. 4 0.3 
BeconG ashe ots tO-1yO7 C.) it tei oe 1e7 1.0 
LEST si GTLlE Ny Cy Veer ( det Oe) at ape ee a eg a Cara 24.6 rol ia | 
ety OURK270;-O00. ©.) i scos 6 8 eee ne tech caw cose ueates s 9.2 8.0 
LP UYOE TESTO TICS Set Ree ee ere oS con, AU ean eee PE: | 69.6 
eet eos Sense a oS a 2) DEN uc) Spa sae tag crane ay 2s ae 100. 0 100. 0 


It had been planned to allow the tar to stand for several hours 
after it had been applied to the road before covering it with the 
eravel top-dressing, but the tendency of the material to run off the 
road was so great that it was found necessary to cover it immediately 
after the distributor had finished applications. The gravel was 
spread at a fairly uniform rate of 1 cubic yard to 78 square yards of 
surface. 

The only noticeable lack of uniformity in the workmanship on this 
experiment is where the cut-off valve of the distributor failed to 
work properly on a return trip, with the result that a double appli- 
cation of tar was made on the west half of the road from station 13 +50 
to station 15+00. It also was necessary, of course, to increase the 
amount of gravel top-dressing on this part of the experiment. 


EXPERIMENT No. 2.—SuRFACE TREATMENT WITH ASPHALTIC OIL, APPLIED Hot, AND 
CLay GRAVEL. 


Location, station 23+55 to 85+45. 
Total length, 6,140 feet. 

(Equality station decreases length of section 50 feet.) 
Total area, 10,915 square yards. 

The bituminous material used in this experiment was shipped to 
Alexandria in tank cars. At the Alexandria siding the oil was 
heated and pumped into the auto distributor, in which it was hauled 
7 miles to the road. The material was heated to a temperature of 
about 200° F. and there was no appreciable loss of temperature dur- 
ing the haul. The analysis of the oil is shown in Table 28. 


1 Fairly thin fluid. 
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TaBLE 28.—Analysis of residual asphaltic petroleum + used on experiment No. 2. 


SPECtiCieraNs hy, 2om/2ernO okies any elec a ean Ne paei faye mA OY RUN To, Sa 0. 995 
Specitie viscosity, Hmeler WOO li . S0leL el tact ees ach. aU en ean keene ily) 
Mloatitest,p0" (Os(Seconds) heer te ESTs Ne Vere so Ae One Me vee eeee 36 
Loss wG3c C20 hours. Olorams, (pet Cent): sacs sec eee ee ieee en eee 13. 56 
Float test on residue, 50° C. (seconds)...............-------- pa a aaa 232 
Per cent of total bitumen insoluble in 86° B naphtha......................- 20. 12 
Bixed i carbor (per Cent) sueee ut se diem ie AS wee Ne eae MME ESR an 10. 79 
SolupleimiGS, (totalibitumien per cent)es 2 oes wae eee eee eee eee a 99. 87 
Orsanicmattenansoluble (per cent). Fee 2 ee ee snl 
Imorganie matter msoluble(pericent): 3252 -). a0) 222k ee ee . 02 
TOtalen ME SEEN oa se dees oak he so) RY eS ee od aed 2 Ad 100. 00 


The first tank car of oil delivered at Alexandria was found to be 
low in viscosity and was rejected as not conforming to the specifica- 
tion. This rejection occasioned a delay of about two weeks in secur- 
ing the oil for experiment No. 2, during which time experiment No. 3 
was completed. When the contractor was ready to resume work on 
experiment No. 2, bad weather had set in and further delay was 
occasioned. Finally, it was deemed expedient to complete the experi- 
ment, although the weather conditions were not altogether favorable, 
because it was feared that long-continued bad weather might make 
it necessary to postpone the work until the next season. The oil 
accordingly was applied on the first warm day, regardless of the fact 
that the road surface was damp. The oil was applied 0.53 gallon 
per square yard, while the rate for gravel top-dressmg was the same 
as in experiment No. 1, or 78 square yards to 1 cubic yard. No 
lack of uniformity in the distribution of either the oil or the gravel 
was noticed. Where successive distributor loads of oil jomed, care 
was exercised to prevent overlapping, and there was no unevenness 
at any of the jomts. From station 85+00 to 85+45, however, 
the gravel surface on the east side of the road was man very well 
bonded when the work was done. 


Experiment No. 3.—SuRFACcE TREATMENT Usina Two APPLICATIONS OF TAR. 


_First application of coal-tar preparation applied cold; second application refined 
coal tar, applied hot. 
Location, station 85+-45 to 109-+00. 
Total length, 2,355 feet. 
Total area, 4,187 square yards. 

Both kinds of tar for this experiment were hauled in the distributor 
from Washington, about 15 miles, to the road. The first applica- 
tion was of the same material as used on experiment No. 1, analysis 
of which is shown in Table 27. This application was made in a 


1 Viscous, sticky fluid. 
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manner similar to that employed on experiment No. 1, except that 
the rate at which the tar was applied was only 0.35 gallon per 
square yard, and only sufficient gravel top-dressing was used to pre- 
vent the wheels of the distributor from picking up the surface while 
making the second application. Two days were allowed to elapse 
between. the first and second applications. 


TABLE 29.—Analysis of refined coal tar! used on experiment No. 3, second application. 


Specie cravity,,200/20..C. olin std Jase iet sui opie a St das eden 1. 207 
Eilat Gest) do. +O. (SCCOMGS),. 5 oc...:1.-atsrctoxere a lala iain tres 2 Synedly Wk Fhe hse Cele A ies 
Rermcemmniree.CatbOD 2 soai0+ -SSSy ask wore ons ly seh erdeet ee) ee. 11. 02 
Distillation: 
Per cent Per cent 
by volume. by weight, 
Wi LOTR Serena iat Stsciclateiaia aja wisierc,nie ec aeiele es eiste s ctels(ais Joti tay fone 0.0 0.0 
Bpestepr ont nls) (ULOS Cs) cre se RU yl a ep ee 0.0 0.0 
Second light oils (LLO—1703 G3) .). 450 4 arepn foarte mreners Heiayaiole 4 tye 0.0 0.0 
Heaygoils: (70-230 Ca) te fo. tee atthe. Ss ele a 5.0 3.9 
Hemmyolusi(2o0-270 10: )e. tobe eae, Se Ne ah os 12.2 10. 2 
Heavyrous (270-3008 ©: eoesti eee es. SE UE OR ATIS d 7.6 6.4 
AL CHTesTdues Oe 4200. SER. TE Sots OE cies pao yet 75. 2 79.5 
AOL e ene re Sairere coe brcialeiamialsis cies oe mate Masai cei 100. 0 100. 0 


The tar for the second application is represented by the analysis 
shown in Table 29. This material was heated at the plant in George- 
town, so that when it reached the work the temperature was about 
205° to 220° F. It was spread at the average rate of 0.50 gallon per 
square yard. Immediately after the second application of tar the 
surface was covered with the gravel top-dressing, spread at the rate 
of 1 cubic yard to about 78 square yards of surface. The amount of 
top-dressing required for the two applications was 1 cubic yard of 
gravel to 53.7 square yards of surface. 

The places where a noticeable lack of uniformity occurred in the 
work are: 

(1) In making the first application the distributor moved too 
slowly on the east side of the road from station 98+50 to 100+00 
and the tar was applied over this area at the rate of about one-half 
gallon to the square yard. 

(2) In making the second application an excess of tar was deposited 
at station 85+45, where experiments 2 and 3 join. 

(3) The second application was made in cold weather and the tar 
chilled so that little of the gravel top-dressing sank into it. Later, 
when the road was opened to traffic, it was observed that much of 
the top-dressing had been swept off the road surface by passing 

vehicles. 


1 Sticky, very viscous. 


4588°—18—Bull. 586-4 
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(4) The work on this experiment: was delayed because of bad 
weather, but the old road surface was uniformly in fairly good condi- 
tion when the work was done. 


Cost data. 


The bid prices were based on furnishing and placing the materials 
by the material unit and were as follows: 


1. Light coal-tar preparation in place, per gallon...........-....- $0.16 
2. Heavier coal-tar preparation in place, per gallon............-- 16 
3. Asphaltic oilinjplace,.per gallon!) ocean bee eee wits: say 
4. Gravel for top-dressing in place, per cubic yard.....-.......-- 1.05 


At the above unit prices the costs per square yard for the different 
experiments were: 


_ Cents. 
For experiment No. 1 (cold tar)..........-.2e.-ecceeeceeeeeeeee 9.18 
For experiment No. 2 (residual asphaltic petroleum)............- 10. 32 
For experiment No. 3 (2 applications of tar—1 cold, 1 hot)..--.. 15. 26 


Total contract price for the three experiments, $2,149.57. 

During the progress of the work, and with the cooperation of the 
contractor, a record was kept of both the labor employed and mate- 
rials used. Tables 30 and 31 show an itemized summary of the costs 
to the contractor, which are based on the following scale of unit costs: 


Horemran per Outen os sens jcelae sssce scree cn ce ces esas ot erem aetna $0. 50 
Laborers;perhourt.2). Ou. SefO 02. ihc ee ok IL Ae 25 
Helper on truck distributor, per hour..........-.....--.--------- . 30 
Driver for truck distributor, per hour.............-..----------- .40 
Auto truck for hauling gravel (including driver and supplies), per 

OU sya cre! Secs Seine Besa cia aySioIe Sie bala elacc a epojoin acopeis clays 00 


TABLE 30.—Cost data for excavating, screening, and hauling gravel for top-dressing. 


j Unit cost, 
Item. Quantity. | Total cost. | per cubic 
yard. 


Cubic yards 

Woosenin pera elec ceccice ccmececesccine se elec oeeleee' lacisincoe cee eee 271 $56. 50 $0. 2085 
Screeningigrayel (vl. False SSI Ee JO SEES Ss sss eS Ee 271 53.50 - 1974 
Loading and dumping gravel............-..-0--0-00-e0e2e-- eee eee 271 46.00 - 1697 
Is ey hots eae hye oo saceodece ioenooKUadondnsdodeaScbodéosse ees 271 184.00 - 6789 
Stripping ple seiserseeeselacleespicieeiscnee aeeceiiceiemscinie ecece eee 271 4.00 - 0147 
Grav ela tee reese see toctsce ee aa ee sence ecco eeiceen ete 271 13.55 05 

Dotalssjcees sek. see ee se ee Eee ae ache nee 271 357.55 1.3192 


1 Average haul for gravel, 3,900 feet. The high cost of hauling is due to the use of an auto truck that 
could be kept running but a small portion of the time. 
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TaBLE 31.—Contracior’s cost of surface treating Mount Vernon experimental road, by 


experiments. 
Experiment No. 1. Experiment No. 2. Experiment No. 3. 
Item. Cost Cost Cost 
: per : per A per 

Quantity. | Cost. square Quantity. | Cost. square Quantity. | Cost. square 

yard. yard. yard. 

Cents. Cents. Cents. 
General oex- |........---.--- $28.00) 0.669]........-.---.- $39.20} 0.359).-...--........ $90.40} 2.159 


penses. 
Sweepingroad| 4,187 zy uauate 7.00 - 167} 10,915 square | 18.00) . 165} 4,187 square } 20.00 - 478 


yar yards. yards. 

DitbeLing 2,048 gallons. .} 52.80} 1.261) 5,766 gallons- ./108. 00 - 989] 3,557 gallons. ./128.80} 3.076 
oil or tar. 

Isien intra Ovi 2 | eoecoeedoeesee|-eead Moesceee 5,766 gallons.-| 88.00}  .806].-.----.-------]------]...-.... 

Spreading | 54cubic yards] 14.00 .334| 139 cubic | 65.20 . 598] 78 cubic yards} 34.00 - 812 


gravel. yards. 
1,482 gallons, 125.97] 3.009 


. 2,048 gallons 5,766 gallons at 84 cents. 
ULC Scare at Se conte y(i74-08| 4.157 Tt eee y(A61. 28) 4.2261 075 gallons, 176.38] 4.212 
at 84 cents 
Gravel.....-.. 54 cubic yards} 71.23} 1.701) 139 ene 183.37] . 1.680| 78 cubic yards}102.90| 2.457 
yards. | 


ANCE) ole secoecseeeeee 347.11); 8. 289)....---.------- 963.05} 8.823).-..--...--..-- 678. 45) 16. 203 


SUMMARY OF EXPERIMENTS ON GUM SPRING-MOUNT VERNON ROAD, FAIRFAX 
COUNTY, VA. 


The following report describes the condition of the above experi- 
ments when inspected on January 11, 1917: 


EXPERIMENT No. 1.—Coau-TarR PREPARATION. 

The surface is breaking rapidly and becoming mealy, particularly 
up the grade at the beginning of the experiment. There is no well- 
formed mat; deterioration during the 10 days preceding inspection 
was noticeably rapid. 


EXPERIMENT No. 2.—ReEsipuaL ASPHALTIC PETROLEUM. 

The surface has a very uniform mat for short distances, alternating 
with areas which have become badly rutted. Therutting has occurred 
both in cut and in fill, and in at least two places the red clay subgrade 
has worked through the gravel. 


EXPERIMENT No. 3.—Coau-TaR PREPARATION AND Coat Tar REFINED. 
This experiment shows a fairly intact surface, with a rather well- 
formed mat. It has only two or three small areas with any ruts 
whatever, and is not badly rutted anywhere. 


EXPERIMENTS WITH PIPE CULVERTS OF CORRUGATED METAL ON THE 
TEXAS POST ROAD IN COMAL AND HAYS COUNTIES, TEX. 


GALVANIZED AND UNGALVANIZED PIPE MADE OF VARIOUS KINDS OF IRON AND STEEL. 


These experiments are for the purpose of comparing the behavior - 
of different kinds of iron and steel when used in corrugated pipe cul- 
verts under the conditions prevailing in Comal and Hays Counties, 
Tex. All of the culverts were placed in the spring and summer of 1915 
and were in perfect condition when placed. They are reported on 
at this time in order to describe their condition when inspected in 
March, 1917. 
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The pipe used was all 24 inches in diameter and made of 14 gauge 
(U. S. standard) metal. Both galvanized and ungalvanized sheets 
were used. The culvert structures are all provided with concrete 
head walls and include from one to four lines of pipe. Table 32 gives 
the number, location, and a brief description for each culvert. In all 
cases the structure numbers are indented in the tops of the head walls. 
The engineer’s stationing, used in fixing the locations, is as follows: 

In Hays County.—Station numbers increase southward from 1,357 
at the Blanco River to station 1986, Hays-Comal County line. In 
Comal County the station numbers decrease southward from 539 +16 
(=station 1986, Hays County survey), at the Hays-Comal County 
line to 0 at the north city limits of New Braunfels, and increase south- 
ward from 539 + 16 at the south city limits of New Braunfels to 1045 + 
27 at the Comal-Guadalupe County line. 

Tables 33 and 34 show the results of laboratory analyses of samples 
taken from the galvanized and ungalvanized pipe,respectively. The 
samples in all cases were 4-inch by 6-inch rectangles, and were cut 
before the pipes were placed. 

Table 35 records the condition of the various pipes when inspected 
in March, 1917. 


TaBLE No. 32.—Locations of experimental culverts, Texas post road. 


Number 
Tenders aug culvert Station No.| lines of Description of culverts or landmarks. 
; pipe. - 

Hays County....---.--- IBHYA ll Seoneeoace South bank of Blanco River. 
INO! 62). PF acoeienikiccmones 1419 1 | Ungalvanized Bessemer steel. 
INO.65e 22 eeeteeeeeecies 1457++50 1 | Galvanized Bessemer steel. 
INGHGESES: Soe eee one 1515 1 5 Pe peenana. Shan Fh * 

158405 eee. orth city limits, San Marcos River. 
San Marcos............- UV GS | sacokenes South city limits, San Marcos River. 
INO: 4 ee certs serene 1748+-70 1 | Galvanized open-hearth steel. 
INOS sa S ee Se seen aes 1765+35 1 Oneaivenied Bessemer steel. 

. IRM ee oss sae ays County survey. 
County line............ 539-+-16 |..,....-.- Comal County survey. 
r Wy, 
No.94. 1.&G.N.R.R. 508 Galvanized copper-bearing open-hearth steel. 
crossing 

ING 7A 476+10 Ungalvanized copper-bearing iron. 


1 
1 
466-++60 1 | Ungalvanized copper-bearing steel. 
393+85 1 | Galvanized copper-bearing steel. 
No. 103. 355+00 1 | Ungalvanized ingot iron. 


North, galvanized Bessemer steel. 
4 North center, ungalvanized open-hearth steel. 
South center, galvanized open-hearth steel. 
South, ungalvanized Bessemer steel. 
MN OMTLOU ee sae ee ae 112+50 2 |sNorth, galvanized open-hearth steel. 
{South? ungalvanized open-hearth steel. 
North city limits, Guadalupe River. 


INOS 109 Shee cececcesnees 168 


New Braunfels... 12 Se { spark 9 e0 ee 


Se, Ee pout city Himits, : 
orth, galvanized ingot iron. 
No. 127....----22--2-++- 716 South; galvanized copper-bearing iron. 
No. 128 726 North, ungalvanized copper-bearing iron. 
penmialy sings Sh pie ga South, galvanized copper-bearing iron. 
’ No. 131 777 North, ungalvanized open-hearth steel. 
Railr 4 ies Wikis Showa Sw {South? ungalvanized copper-bearing open-hearth steel. 
ilroad crossing....... 49L We eek eee M.K.& T.R.R. 
Op Ber eesosneeseseeses 815 1 | Galvanized ingot iron. é 
North, galvanized copper-bearing open-hearth steel. 
No. 143 937 4 North center, galvanized copper-bearing iron. 
Gadi uted seks ete South center, ungalvanized copper-bearing iron. 
South, ungalvanized copper-bearing open-hearth steel 
INO?M48 eee seeeeeerees 1012 1 Ce Ne a sBepY ete 
North, galvanized ingot iron. 
No. 149......--------+-- 1018 2 {Bonth’ ungalvanized ingot iron. 


County line......--.-.-- TG Ee a a Comal, Guadalupe Counties. 
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TaBLE No. 33.—Tests on galvanized metal used in experimental corrugated culverts on 
Texas post road. 


Metal. 


Spelter 
Struc- | per 
ture | square 
No. | foot of 
metal. 
Ounces. 
109 2.97 
65 2.59 
68 2. 80 
109 2.74 
110 2.58 
74 2. 84 
94 2.48 
101 2. 59 
143 2.48 
127 1.90 
128 1. 86 
143 2. 02 
127 2. 44 
134 2.41 
149 2.50 


Analysis of base metal. 
Car- Sul- | Phos- | Man- | Cop- Sili- 
bon. | phur. | phorus.| ganese.| per. con. 
Per ct.| Per ct. | Per ct. 
0.11 | 0.052 | 0.098 
- 09 -047 | .107 
-10 - 053 - 104 
-09 -043 | .013 
-10 - 049 . 017 
.09 -037 | .037 
-07 - 033 - 0095 
.07 -036 | .0095 
- 08 -048 | .0095 
- 04 -039 | .012 
-05 -040 | .0095 
. 04 .034 | .0074 
. 04 044 | .0063 
03 . 035 - 0074 
03 -045 | .0063 


TABLE No. 34.—Tests on ungalvanized metal used in experimental corrugated culverts on 
Texas post road. 


Analysis of metal. 
Struc- 
ee caer Carbon. | Sulphur.| PBS: | Man- | Copper. | sili 

P phorus. | ganese egete || Ie RCUee 

Per cent. | Per cent. | Per cent. | Per cent.| Percent.| Per cent. 
Bessemer SLOCM Er ates) z559 bei =i- 109 0.12 0. 057 0. 097 0. 34 O}000)|Reaeae- aes 
Onsen be isnt jee isiefe gee, 62 - 10 - 045 . 099 .37 SO04i ee Sasshe 
RS ae eeties sia hieeteeeio atk 75 - 10 - 049 . 096 .37 004) | jaseeen ses 
pees Sheelise sen sae eee 109 09 . 042 014 36 Trace 0. 005 
WOR faatee at ase -Basesee 5 110 . 08 . 040 -017 - 26 2004s pees 
ID Tee RSS ee tee ee ee 131 . 08 . 048 - 012 .38 204). | Sese8s vanes 
Copper-bearing steel........---- 98 07 - 032 - 0084 .32 B22, .015 
WO Ss. daeeis == see eese ane t 131 . 09 . 057 - 013 - 43 LD ls Shee e 
BD OS Ase oa ane rs = aaipinie 143 . 08 - 057 - 012 -43 seats | aueerseret 

Copper-bearing iron.......-..-.- 97 . 04 . 036 . 0084 . 043 a2, -O1 
LD SRSA Sala ee 128 - 05 . 040 - 0095 - 056 RDS ra ial 
TD) Oe apeitereene = Sts bicrciat seven 143 . 04 - 035 - 012 -019 eZ nileaseeonene 

AMS OGILOM qeeee toe (sei asec -/= 103 - 02 . 022 - 0053 - 028 - 006 . 00 
ID YTjE AES 8 Re ee Senet 148 - 03 - 032 . 0074 - 028 ROLGIIE mes eee 
WOE soecte ne dent seb ecsice- 149 - 03 - 027 - 0053 - 028 SOU2) bee eo oe 

TABLE 35.—Condition Record March, 1917 
Metal Struc Location Position Condition, March, 1917 
; ture No D 
Station. 

Galvanized Bessemer steel... -..- 109 168-+-00 | North......... In apparently new condition. 
No deterioration of spelter, 
end entire absence of scale or 
rus 

WD) OSs Sets ice ese ce deoecceese 65 V4 Te OO! | Hoe oS aciae eee Do. 
10 Gy. 52. iis ioe od Re eee Ae ee 68 P5TS PEO. SSeS ek ee Do. 
Galvanized open-hearth steel. - - .- 109 168-+-00 | South center. . Do. 
TD oz ce pe 2 em Be 110 112+-50 | North..-....... Do. 
OEE Es sea ee kes cae. 74 V748-870) | tec tence ne Do. 
Galvanized copper-bearing steel. 94 BOSMAMGE: SI ZUE REE es Do. 
DO ee eo eau 8 101 SOS ES: ses a eas Do. 
Dor seeiets . CRU AC LE ene eee 143 937+00 | North......--- Do. 
Galvanized copper-beraing iron. 127 716+00 | South........- Do. 
DOE ISA SAS 128 726+00 |....- dole. Do. 
DO eerste oe Sod 143 937+00 | North center. Do. 
Galvanized ingot iron..-.-.-.---- 127 716+00 | North.....-.-.- Do. 
LD Ose ere hn ee 134 ST5--00) Woe ce erence Do. 
Dae see tee eed ies ses 3 149 1018+00 } North........- Do. 
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TABLE 35.—Condition Record, March, 1917—Continued. 


Metal. a Location. Position. Condition, March, 1917. 
Station. ; 
Ungalvanized Bessemer steel-..-. 109 168+00 } South......... Considerably rusted and start- 


ing to scale slightly. Rust re- 
moved with effort, and de- 
terioration of metal noted to a 
small extent on scaled spots. 

DOF ce eee cee cen we eee eee 62 De ee nl fees ee ..-| Slight coating of rust, easily re- 
moved. No scale or deteriora- 
tion of metal noted. 

DOB emer abd ea Ce he 75 LT GSE ESO selsaacsisc ones : Do. 

Ungalvanized open-hearth steel. - 109 168+00 | North center..| Slight coating of rust, easily 


rioration of metal noted. 

1D Yo Bey Aree em CEN eS eh  b 110 112+50 | South........- Considerably rusted and starting 
to scale slightly. Rust re- 
moved with difficulty, and de- 
terioration of metal noted to a 
small extent on scaled spots. 

DO sccen cs cssaosteceseeeusee se 131 777+00 | North......-..] Considerably rusted. Coating 
removed only with effort. No 
sealing or deterioration of metal 


noted. 
Ungalvanized copper - bearing 98 HERAED | Sapaccsaseooones Slight coating of rust easily 
steel. dusted off. No scale or de- 
terioration of metal. 
DOs Bec esee eee eee eee asses 131 777+00 | South......... Considerably rusted. Coatingre- 


moved only with effort. No 
scaling or deterioration of metal 
noted. 

DD ON =o Seo tee ene ee asics eee 143 937-++00 |....- dos sseekke Considerably rusted. Coating 
easily removed. No scaling or 
deterioration of metal noted. 

Ungalvanized copper-bearingiron. 97 ATG AON EE A SOuCe see ee Slight coating of rust, easily 
dusted off. No scale or de- 
terioration of metal noted. 


ID eopases sie i oh saa. eine SIs 128 726+00 | North........- 0. 

DOS! La ae RIE SEE se 143 937+-00 | South center..} Considerably rusted. Coating 
easily removed. No scaling or 
deterioration of metal noted. 

Ungalvanized ingot iron.........-. 103 355+00 | Under con- Considerably, rusted and start- 
crete cross- ing to scale slightly. Rust re- 
ing. moved with effort, and de- 


terioration of metal noted to a 
small extent on scaled spots. 

AD Yo NS, et eee) OU ENS 148 10124 OOF Eee ees eee Reson Considerably rusted. oating 
of rust easily removed. No 
scaling or deterioration of 
metal noted. 

Ye eae 5 es Sh rie Aurea es 149 1018+00 } South........-. Considerably rusted. — Coating 
removed only with effort. No 
scale or deterioration of metal 
noted, but certain few spots 
indicate early formation of 
scale. 


SUPPLEMENTARY REPORTS OF EXPERIMENTS PREVIOUSLY 
REPORTED. 


The following reports are in continuation of others already pub- 
lished by the department in the annual ‘‘Progress Reports of 
Experiments in Dust Prevention and Road Preservation.” It was 
decided to abandon the experiments at Ames, Iowa, and Knoxville, 
Tenn., but the histories of these experiments as well as of several 
others are summarized with the supplementary reports, so that the © 
results obtained may be studied conveniently by those interested. 
In all cases references are made to the earlier publications in which 
reports regarding the various projects have appeared. 
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MOUNT VERNON AVENUE, ALEXANDRIA COUNTY, VA., 1915. 
BITUMINOUS MACADAM, BITUMINOUS CONCRETE, BITUMINOUS GRAVEL CONCRETE. 


_ These experimental sections were constructed on Mount Vernon 
Avenue beginning at the Military Road near Arlington Cemetery and 
extending to Washington Avenue; thence to Washington Street, to 
the city line of Alexandria. The original report, giving details of 
materials and methods of construction, is published in Bulletin No. 
407, United States Department of Agriculture. In addition, it may 
be stated that experiments Nos. 1 and 2, and 5 to 10, inclusive, bled 
profusely with the first warm weather of the spring of 1916, and re- 
quired the prompt application of torpedo sand to prevent picking up 
under traffic. 

_ The work was inspected on January 11, 1917, and the condition of 
the experimental sections at that time was as follows: 

Experiment No. 1—Bituminous macadam, sandstone with fluxed 
native asphalt A; experiment No. 2—Bituminous macadam, sandstone 
with oil-asphalt X.—There was no marked difference in the appear- 
ance of these’ experiments. They were in excellent condition, with 
the seal coat still almost intact, particularly on experiment No. 1, the 
bitumen having bled up to form a close, generally uniform surface. 
Experiment No. 2 appeared to have more of the coarse stone exposed. 
Only two or three patches have been made since construction. 

Experiment No. 3—Bituminous concrete, sandstone with fluxed native 
asphalt A; expervment No. 4—Bituminous concrete, sandstone with oil- 
asphalt X.—In January, 1916, about 6 months after completion, it 
was noticed that large areas in both of these experiments became cov- 
ered with check cracks, generally in two directions—longitudinally 
and at right angles to traffic. From 24 to 48 hours after the appear- 
ance of these cracks the areas would begin to ravel, and, once broken, 
disintegration would follow rapidly. Temporary repairs were pro- 
vided for at once and only a few of the cracked areas actually broke. 
Those which raveled were dug out carefully and filled with penetra- 
tion patches until, in March, it was possible to apply a general seal 
coat to both experiments. A fluid, refined water-gas tar was used 
and the covering material was torpedo sand. The characteristics of 
the bituminous material are given in Table 36, and the cost data and 
quantities will be found in Table 38. 


TABLE 36.—Analysis of refined water-gas tar. 


SRpcciic era vativiZOrnO (Zor. ake sae Rag ak a eh ie 1.145 
Specie nnscosity vEneler, 50° C100 C40. 8 eee Ea he 196.5 
Bitumen soluble in CS, (total bitumen) ..........--...-..-.----- per cent.. 98.92 
Organic matter insoluble (free carbon) -.......----..--------------- dol! 22))41005 
dnoreanie matteransoluble 22/11) iets... Jos. b bk Pao eis do. 2/2) 11) 0208 
100. 00 


1 Average of three samples. 
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TaBLE 36.—Analysis of refined water-gas tar—Continued. 


Per cent Per cent 

Distillation: Character. by volume. by weight. 
Wroaiter FI L24Ne ER CEM EYEE ED EN SU PEER E 0.0 0.0 
Hirstilight oils (LO? Ch). Lee Sans oe a PA eel 0.0 0.0 
Second light oils (—110°-170° C.).......... Clear. Trace. Trace. 
Heawiy, oils (170°-2709 C.)g. ee) ese ean 2/25 solid 28.0 24.5 
Heavy, ols (270°—3000C") 02 eo ace cee Clear. 10.3 9.0 

1 Bel ln vale rege til yp hae Aaron Sticky; semisolid. 61.7 66.5 
100.0 100.0 


This treatment prevented further deterioration, although experi- 
ment No. 4 has a somewhat distorted cross section at points where 
the heavy sidehill fill has settled. At the time of inspection both of 
these experiments presented a practically uniform appearance. The 
surface was intact, although the seal coat was blotchy, some areas 
were black and leathery where fat areas had been caused by the pene- 
tration patches in the original surface, and other places were brown 
and mosaic in texture. 

Expervment No. 5—Bituminous macadam, gneiss with fluxed native 
asphalt A; experiment No. 6—Bituminous macadam, gneiss with oil- 
asphalt X.—These experiments were somewhat open and porous in 
the spring of 1916, but at the time of inspection were in good condi- 
tion, having sealed themselves satisfactorily. To prevent raveling, 
a few patches had to be made early in the year before warm weather 
caused bitumen to bleed to the surface. The seal coat is now fairly 
uniform, although several mosaic areas were noted, and the surface is 
somewhat rough, owing to irregularities from construction rather 
than to wear. 

Experiment No. 7—Bituminous concrete, gneiss with oil-asphalt X ; 
expervment No. S—Bituminous concrete, gneiss with fluxed native 
asphalt A.—These experiments were somewhat smoother than ex- 

periments Nos. 5 and 6. Not having been so open in the spring of 
1916, the bleeding above referred to produced a more uniform mat, 
and the surface was in good condition, except for slight irregularities. 

Expervment No. 9—Bituminous gravel concrete, pit-run gravel with 
oul-asphalt Y.—This experiment was somewhat rough and uneven, 
owing to irregularities apparently due to lack of uniformity in the 
seal coat; otherwise the experiment was in good condition. Only 
one or two small areas raveled in the spring of 1916, but were repaired 
easily. 

Experiment No. 10—Bituminous gravel concrete, pit-run gravel with 
fluzed native asphalt B.—This was the poorest of the gravel sections. A 
considerable total area, almost all being on the Four Mile Run fill, 
required patching early in 1916, and practically the entire surface 
received a seal coat in intermittent applications. The mixing plant 
used in construction stood at approximate station 95 and much of 
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the construetion work south of Hume Spring was done after the sur- 
faceof experiment 10 was laid. Onaccount of the dripping of the bitu- 
men from the mix as it was hauled over the section, a blotchy, irregular 
seal coat characterized this experiment. This blotchy effect was 
practically all worked out of the surface by careful maintenance, 
although it still was full of sight, short irregularities. On the whole, 
the experiment was in better condition than during the spring and 
early summer of 1916. 

Experiment No. 11—Bituminous gravel concrete, pit-run gravel unrth 
refined tar.—This experiment had a browner, more open appear- 
ance than any other gravel section. It had to be slightly patched 
in the summer of 1916, but at the time of inspection was intact and 
in good condition, except for slight irregularities due to construction. 

Experiment No. 12—Bituminous gravel concrete, pit-run gravel uith 
oul-asphalt Y .—This experiment, especially the part between the rail- 
road crossing, was much the best of the gravel sections. It had an 
even, regular, somewhat leathery mat, and was practically free from 
irregularities. At the crest of the grade between the railroads a spring 
broke through the road during the early summer and a stone drain 
had to be laid. Except for repairs at this placc, the surface required 
very little attention. Only one spot showed bad wear, and that was 
at Hume Station, where the mixed work joins the brick crossing. 

Experiment No. 18—Bituminous macadam, trap rock with oil-asphalt 
X; Experiment No. 14, bituminous macadam, trap rock with fluxed 
native asphalt A.—These experiments were very open and porous at 
the time of completion, and one or two small patches had to be made 
to prevent raveling. The binder bled up satisfactorily, and at the 
time of inspection the surfaces presented no apparent difference and 
were intact and in good condition. | 

Expervment No. 15—Bituminous concrete, trap rock with fluxed native 
asphalt A; Experiment No. 16, Bituminous concrete, trap rock with oil- 
asphalt X.—Within 4 months after completion these experiments 
began to ravel badly and experiment No. 16 failed over 60 per cent 
of its area. As the failure occurred during the winter months, it was 
impossible to make proper bituminuus patches, so repairs were made 
by removing the old surface where disintegrated and filling the holes 
with a good sand-clay gravel and allowing it to compact under 
traffic. ‘These areas were fairly smooth by spring and then were 
treated with a heavy seal of cold water-gas tar or coal-tar patching 
material and covered with 3-inch gravel. At the time of inspection 
both sections were in good condition, although slightly rough in some 
.places. The largest breaks in the original surface occurred on the 
fill at approximate station 191, and although a sharp turn occurs at 
station 192, the repairs made appear to have been adequate. 
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Experiment No. 17—Bituminous macadam, granite with fluxed native 
asphalt; experiment No. 18, Bituminous macadam, granite with oil- 
asphalt X.—In the spring of 1916 small areas, distributed quite gen- 
erally over the surface of both experiments, began to disintegrate so 
that numerous penetration patches were necessary. These sections 
had been laid over old macadam which was scarified and dressed 
with a layer of new stone before the penetration course was applied. 
The breaking of the newly constructed surface appeared to be due to 
movement in the wearing surface caused by the failure to fill and 
bond the new stone added to the foundation. Both sections were in 
good condition for retreatment and this was applied. The charac- 
teristics of the bituminous material used in the reseal are given in 
Table 37 and the cost data and quantities will be found in Table 38. 


TaBLE 37.—Analyses of residual asphaltic petroleum. 


General characteristics, viscous, sticky fluid. 


wae ‘ A—0.991 
sspeckielsra vaiyy2oRiOM 2D WU Mawel Peace. Oe Sea faved ces rede es ay Le | B—0. 989 
aera OO UMN GeO Rae een NA Mage ERL A aE ag Ee MES TALE te pl 1 A 100 
SE Uinsat ang OUT ep CME S (3 ad CCE ei aN ee EEL kh St ESE EE | 120 
BOA Mest OUT KON BECONGS) sey Cena. GEKe yey Ai umn peNh way chek a 0hd SEN Oe ey 

B—30 

Viscosityaemeleroo eue at LOO On Species la) mise mess a6 aan new eannes 14.2 
oss atdlGswO sor oursin2 OleramS sper Gelb hase ese en ae eee eee 14.30 
Character oi residue very viscous, sticky. 
Mloattestronresrduets0%1C: Geconds)as ease ees. 8 a 3 sees 160 
Per cent of total bitumen insoluble in 86° B. naphtha Sees Meets UR ae 17.39 
Ren Cento mice teanpOn she bray aM aa an np ae oa Me Rr a 10. 44 
Bitumen soluble in CS, (total bitumen), per cent.....-.......------.---- 99.89 
Organiematteriimsolublesypericenbse 1234 ses tees 49 e 2) eee t See ry 0.11 
Inorganic matter msoluble:spenicentic nc os ss.se ces shat see eee eee eee 0.00 

100. 00 


Expervment No. 19—Bituminous concrete, granite with oil-asphalt 
X .—This experiment showed marked deterioration and many pene- 
tration patches had to be made in the spring of 1916. It was 
brought into good condition for treatment and a new seal coat 
applied in May and June, 1916. The same bituminous material was 
used as on experiments Nos. 17 and 18, and cost data and quantities 
are given in Table 38. At the time of inspection this experiment 
showed a few wavy spots due to fat penetration patches under the 
retreatment; otherwise the experiment was in good condition. 

Experiment No. 20—-Bituminous concrete, granite with fluxed native 
asphalt A.—Except at the south end, this experiment did not disin- 


1 Samples A and B from each of 2 barrels, except where indicated tests were made on composite 
sample, 
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tegrate so noticeably as the other three granite sections. It was 
placed in good condition with penetration patches and received a 
surface treatment in May. The same bituminous material was used 
as for the treatment on experiments Nos. 17, 18, and 19, and cost 
data and quantities are given in Table 38. At the time of inspection 
this experiment was in almost perfect condition. 

Corrugated metal culverts.—The corrugated metal culverts on the 
Mount Vernon Avenue experimental road were inspected at the same 
time as the road surface, and were found to be in good, sound con- 
dition. There was no appreciable difference in the amount of rust- 
ing, although all were covered with a thin layer of rust. In the case 
of the coppered-iron and ingot-iron culverts this rust seemed to be | 
somewhat more easily rubbed off than in the case of the others, 
leaving smooth black metal exposed. The rust in the open-hearth 
steel culverts appeared to be of a more scaly nature than in the 
others. 

Table 40 shows a traffic census record for the entire project, and 
Table 39 the maintenance cost record for the calendar year. The 
cost figures in Table 39 include the cost of surface retreatments 
given in Table 38. 
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TABLE 39.—Surface maintenance costs of 1915 experiments on Mount Vernon Avenue, 
Alexandria, Va., from Jan. 1 to Dec. 31, 1916. 


Cost yard. Cost F 
Experi- ie ost per square y Raperk: : ost per square yard 
ment rea - || ment Area. | - 
= Construc-| Mainte- Construc-| Mainte- 

No. tion. nance. | Total. || No. tion. nance. | otal. 

Sq. yds. | Cents. Cents. Cents. | Sq. yds. | Cents. Cents. | Cents. 
De can 3 1, 202. 22 80. 13 7.36 87.49 || 10........ 5, 445. 22 43.74 2.10 45. 84 
DF e = 2, 599. 67 66. 43 2.08 CASEY Bab (eS 1, 573.34 41.62 2.42 44.04 
Qeeeeaas- 1, 867.78 88. 98 11.90 4008 SS) 21322: 20% 1, 688. 88 48.41 - 92 49.33 
Ae oe 1,924.00 74. 27 10. 06 84.33 || 14. --..--- 1,777.78 58. 98 1.61 60. 59 
Deecesaas 2, 196. 56 47.74 2.95 50. 69 || 15........ 1, 742. 22 65. 77 .18 65. 95 
G2esesss 1, 422.22 36. 85 -52 BY Beth ee eesee 1, 621.34 52. 66 3.24 55. 90 
W (eee 2,369.78 45.57 . 89 A646) Wie: oo 1, 422. 22 63. 04 14.02 77.06 
See e eee 1, 221.33 57. 81 1.41 E74) | Wake ae ig oe 45 48. 29 14. 57 62. 86 
UE ates x ih! eee 1, 728. 00 54.26 11.95 66. 21 
NERS oa 6 pa beer ha wegecee|, <= Seen lain a ee 1,866.67| 67.73] 10.59] 78.32 


Taste 40.— Volume and character of traffic during a 16-hour period on Mount Vernon 
Avenue, Apr. 8 to Dec. 24, 1916. 


North of Russell Road. South of Russell Road. 
Maximum. Average. Maximum. Average. 

North-| South- | North- | South- } North- South- | North-| South- 

bound. | bound.}| bound.} bound.| bound.) bound.| bound. | bound. 

1 | Loaded 1-horse wagon--.-......-- 2 Shes. 1 2 ele ct | 1 
2 | Unloaded 1-horse wagon...-.-..-- 5 7 1 1 4 6 1 | 1 
3 | Loaded 2-horse wagon........-- 2 Gilt: exes eh cee e 2 Ze ee She 1 
4 | Unloaded 2-horse wagon........ 4 2) 1 1 4 2 1 | ae ee 
5 | Loaded 4horse wagon. ........-. 3 1 ee ee 1 i a ene meee tar a TN? BD 
6 | Unloaded 4-horse wagon..-....-. ThS | Pree ease es Sa ee lees nace DN peas cae een gee eee 
7 | 1-horse pleasure vehicle.......-. 7 7 2 | 3 7 7 2 | 2 
8 | 2-horse pleasure vehicle.......-. 1 Molec cieverste| aetes = fe 1 7AM eesaee nae Beeeesee 
9 | Rubber-tired horse vehicle......|......-- Typeset eee Ae 1 iby ee Cee BER el eee 
POuSaddle horse... 2.022622 sess <5 96 8 5 1 3 6 1| 1 
igiiolLorieycle-s3 438.9 30 beets 25 32 7 9 24 32 5 | 6 
12 | Excessively heavy vehicle ! e 1 Bilenseeeeoesmsee 1 3 [Gaeta Peeeses 
13 |} Motor runabout --.-.-....-- 3 27 20 13 Be 17 16 9 | 9 
14 | Motor touring car-........ i 715 720 270 257 451 470 201 190 
15 | Loaded motor dray...........-- 16 21 6 20 13 17 6 | 9 
16 | Unloaded motor dray....-.-.... 19 18 6 5 14 il 6 | 4 


1 Very heavy vehicles, such as carry ore, stone, timber, machinery, etc. 


FALLS ROAD, MONTGOMERY COUNTY, MD., 1915. . 


SURFACE TREATMENT ON WATER-BOUND MACADAM (OILS, TAR PREPARATIONS, 
REFINED TARS). 


The original report of these experiments was given in Bulletin No. 
407, U.S. Department of Agriculture. The following report describes 
the condition of the experiments on February 21, 1917. 

Experiment No. 1—Asphaltic petroleum, cold application, correspond- 
ing to expervment No. 3 on Rockville Pike-—This surface shows a 
tendency to become mealy in cold weather, and with continued wet 
weather works up into mud. It was seen in the winter of 1915-16 
that the road could not be brought safely through another cold season, 
and a re-treatment was given late in the fall of 1916. The same 
material was used as for the original application, and its character- 
istics are given in Table 41. Cost data and quantities appear in 
Table 43. At the time of inspection the surtace showed its charac- 
teristic tendency to work into mud, but had behaved much better as 
a whole than did the corresponding section on the Rockville Pike 
during a corresponding period after its construction. 
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TABLE 41.—Analysis of asphaltic petroleum: used in re-treatment of experiment No. 1. 


Specitieipravity (250/20 Css oe eh ene ee Eek oie ee a ele ei ees 0. 956 
Flash pointi(PiQyeweds oes See ea else ne eee aE Rea ih eee 28 
Brian WOME (eC) sets are oe sick 2 OR os Richie ec ce cag ag ea ap at A 50 
Specie vascesttyeNmeler,|25° C1 s0iese.2 8. a. cece See ee ec ee ee a 187.5 
floss.at 1635-C., sthouns,20/arams)(pericent)). jy.02.) - ee ete es ee 28. 23 
Bloat test onkresidues4 50%'C: (Seconds): UF Eset oF Bier Ne ae eee 188 
Per cent of total bitumen insoluble in 86° B. naphtha.......---------.-.--- 16. 58 
Fixed (carbon: (periGent) bed see ele 2 ne oo pete ot aie oe ee ht epee eae +8 9. 04 
Total. bitumen: Goluble imsCSayeabe. van at he eee ee per cent.. 99.95 
Orcantc matter insoluble .30 Be. 2). Asi 98 Soe eg oe epee per cent. - . 05 
Jnoreanic matter insoluble s-tessesase ca. tele eee ins << ee see per cent. - . 00 

100. 00 


Experiment No. 2—Residual asphaltic petroleum, hot application, 
corresponding to experiment No. 5, on the Rockville Pike.—This section 
was in generally good condition. There was a slight tendency to 
crumble, especially at the edges, but little or no mud formed. It 
was thought very early in 1916 that this section would require re- 
treatment during the summer, but it bled profusely and had to be 
dressed heavily until about the middle of the summer. The section 
appeared to be somewhat better than section No. 5 of the Rockville 
Pike. 

Experiment No. 38—Coal-tar preparation, cold application.—The 
original application on this section never produced a close intact 
mat and in the summer of 1916 had to be patched frequently where 
the macadam had become exposed and in November was retreated 
with the same bituminous material as applied originally. The char- 
acteristics of the bituminous material appear in Table 42, and cost 
data and quantities in Table 43. At the time of inspection the ex- 
periment was in excellent condition, with no signs of further disinte- 


eration or unusual wear. : 


TABLE 42.—Analysis of coal-tar preparation * used in retreatment of experiment No. 3. 


Specific eravity; 205/20 pO. eroce ap ete aeea tate Pe Mr eA hg Ayo Pu 1.149 
Specitie vascosity,emeler 50;es ¢ wat 40 gnOre 2 he See mean 120 
Rercentireetcarbom (insolulblemn Css) 5. oo eee ere eae eee eescee 6.19 
Sabie 5 Per cent Per cent 
Distillation: by volume. by weight. 
Wateruitte mse tise taiee: . eee eee. Te! oes eek ee ey segs 0.0 0.0 
Hirstilieht o1lsi4i(to 110°) C3). 4 ta ote: 22 2 See ee ers 1.8 lea! 
Second lich tious 2 (10> to70y Cans + Bees eee esate = 1.5 8 
Heavy oils ® (170° to 270° C.).....-.- Be at nL eens 19.8 Wet 
Heavwiouls'4 (2700. 300% C2)) Oo -senapre: Loe ae easels: 9.0 7.8 
Pitch Tesidue. ns casecs gost aos eee eee eS ee RN 67.9 73.2 
HAN) il san Ale ane A RR) 5 Rees eas a RE 100.0 100.0 
1 Fairly viscous sticky fluid. 4 Clear. 
2 Very viscous sticky fluid. 6 One-half solid. 


3 Fairly thin fluid. 
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TaBLE 43.— Materials and cost data for surface retreatment in 1916. 


i xperi- 
tem. (asphaltic con 
petroluem). Paint) : 
SoS SDE SSAA LA a NAS ae et TSS eae square yards. - 7, 625 13, 235 
Quantity of material per square ee 
Ai OUS TH ALCTTAN se) esa ys ee aks Oo ean yee ie | RU gallons. . 0. 23 0.33 
GOSS SU aL ARS ad BASU ot AE erate piesa oe lst cans ee CUubicyyardses|Ss-eneeeeee 2 -0115 
EYAL SEA SE USER Se OU 5; OSU rae am reece ef eT ONCE en PeMLAE AU Are dos A(T WED aa a 
Cost per square yard (cents): 
[Nee CUIS Tite hen EW ees es RES Eas Soe ae er mete SME Rima Ala Va 2.52 3.06 
CRY SESE SES 2 AEROS Payee ae ot ais, ened RRM Pa CERIN eet) 2 ARP Ap ee een 3.45 
Phelps ee amen nk i pea See eR VR BORN NL ee ee eae ce ke Ye RS ee beal al EO, Westy e Wene 
Cleaning surface..........--.---- -10 -41 
Heute MALETIAISH = oe ose te 77 14 
Applying bituminous materials - sete -35 49 
Applying sand or gravel............-..---.-2-- -18 24 
REECE STO eee ee olor ear tee es rag taie re ch ear peace ae LDN Nt AS ac 35 .36 
Motak(Ceants))\2ctiase esse 28 Se SLA: Se TNE Sa REN SOS Seen SRY | 6.78 8.15 


Experiment No. 4—Refined water-gas tar, cold application, similar 
to experiment No, 2 on Rockville Pike.—This section has not shown 
the initial signs of disintegration characteristic of section 2 of the 
pike, which is troublesome unless cared for by immediate retreat- 
ment. Several intersecting bad roads tended to impair the character 
of the surface near the intersections owing to the clay that was 
tracked on the bituminous surface. The experiment was in good 
condition, but indications were that a second application of tar 
would be required in the early summer. 

Expervment No. 5—Refined coal tar, hot application, similar to ex- 
periment No. 1 on the Rockville Puke——This experiment was in gen- 
erally good condition. It suffered a little near the cemetery, owing 
to large quantities of mud being brought upon it from side roads and 
drives. At the time of inspection there was no disintegration. 

Following the same procedure used in connection with the other 
experimental roads, a traffic census was taken on the Falls Road 
for 15 hours every thirteenth day from April 10 to December 31, 
1916. A tabulation of the maximum and average of each class of 
traffic for this period is given in Table 45. Table 44 shows compara- 
tive cost data to December 31, 1916, for the various experiments in- 
cluded in this project. The cost figures in Table 44 include the cost 
of general retreatments as given in Table 43. 


TABLE No. 44.—Surface maintenance costs »f 1915 experiments on Falls Road, Mont- 
gomery County, Md., from January 1 to December 31, 1916. 


Cost per are yard. ‘ 
Se on var Mainte- 
. Length of Saad GES GOST. 
Experiment No. Reciiaul Area. PE, | ne ied nie 
aie GED, Total. of surface. 
Feet. Sq. yds. Cents. Cents. Cents. 
4, 575 7, 625 Tete 6.25 14.02 $550. 00 
4, 386 7,310 12.11 1.07 13.12 94.16 
7, 941 13, 235 8.48 9.33 17.80 821.00 
5, 718 9, 530 9.63 -10 9.73 8.80 
5, 880 9, 800 10.21 -O1 | 10. 22 C 
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TABLE 45.—Volume and character of traffic on Falls Road, Apr. 10 to Dec. 26,1916. 


Maximum. Average. 
West East West East 
bound. | bound. | bound. | bound. 
is MMoadedn -horserwa louse sees meee ee Soe See eee 16 6 3 3 
2a Umloa dedi -horsempagonee jo Rie Nc e ee ae ee eee 5 12 2 2 
St! Loaded )2-horse wagon ee ee ee eee 10 17 3 4 
4h WUmloadedt2-horse nae Omiey. oven cies ertereyeea te elcteen sere 12 4 3 2 
Oil MuOAded ANOLse Wagons ses es ee Pee en eae glee 1] 6 2 2 
Gel vUnloadedtA-horsewaronls Siete. seer mee ee eae ee 4 Siiews sewSss 1 
do 1 -horsewpleasaresvenicloes ee) soe ee cemeteries eee eae eneen 115 132 37 38 
Sulezchorselpleasurenehiclesc meses ene e ceeereee ee oeeaeeeeee 4 DL j= carmen] Oe eee 
Uiieubber-tinedihorsewehiclercesereeeeeeEereeeeeeee seer enters 3 BA sete See AMR Pe ore 
LOWES AG cl ei Ors eae eee hy eae ee ee re eee es 17 13 | 4 3 
WG MOtOnicyGlote cee Mane en nae ome aw eh neeye a Le cneee 8 6 1 1 
i2)|-Eoxcesshvely heavyiveOnicle! sec emee ease stem see eree ee eee ace 4 fh cosoeecee 1 
TSP MOton Tuna DOUbe ui ausee cease eee oe Cee eee ee See reer eee 17 14 | zi 6 
lle MEO toni bouning cane Sis o kos cee annem oe WL Shas ae é 82 93 | 29 29 
15h uoadedemobon Grayvee cues cette eee teen eee eee eee eee By 6.| 2 2 
167 |/Uniloadedimotordray- ss 5 ee eee eee eee ce ee eeeee as 2 3 leeosepotsclbosoecacos 
| 


1 Very heavy vehicles, such as carry ore, stone, timber, machinery, etc. 


BRADLEY LANE, MONTGOMERY COUNTY, MD., 1915. 


BITUMINOUS MACADAM, OIL-ASPHALT. 


Description of the original. construction of this experiment on 
Bradley Lane appeared in Bulletin No. 407, U. S. Department of 
Agriculture. The following report covers maintenance durmg the 
last year and the condition of the road in the spring of 1917. 

At the time of construction in 1915 this experiment was top- 
dressed with lmestone chips. Owing to the heavy traffic, all 
excess of this material was ground rapidly to powder and dissipated. 
In consequence, the wearing course stone became visible over the 
entire road, and in July, 1916, there was applied a surface treatment 
using a bituminous material represented: by the analysis given in 
Table 46, and, instead of limestone chips, a hard, water-worn, 3-inch 
river gravel. The quantities and costs appear in Table 47. The cost 
of this experiment to December 31, 1916, appears in Table 48. That 
the cost of maintenance was lower than that of surface treatment is 
explained by the omission of supervision and of a small distributed 
hauling: charge from the total maintenance figures. The surface re- 
quired no repairs of any kind and had displayed no weakness, except 
at one point in front of the first driveway on the south side near the 
east end of the road. Here a very small area of about 2 square 
feet showed a few web-like cracks in the spring of 1916. The surface 
at the time of last inspection was in perfect condition. No dis- 
tinction has been apparent either in appearance or wear between 
the plain oil-asphalt macadam and the sand-oil-asphalt grouted 
macadam, and henceforth the entire road will be considered as a 
single experiment, reserving necessary comment only for the grouted 
section. A traffic census has been taken on this experiment, as on 
the others in Montgomery County, and the results appear in Table 49. 
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TaBLE 46.—Analysis of residual asphaltic petroleum} used in surface treatment of 


Bradley Lane. 


SeceiC Orly eyo toe sent care) eee ey Li Mila oe 0. 993 
MPeetic Viscosity. Engler: 100%. SOIeN Gs). SoA tee ays a ae Sas olan 13.5 
iormesh ato oO... WECONGS 24) iy Ver Mek! ¢ WINE a Gh Sh ea tee Voie 9 2° 28 
West) los 7)¢.,.oynours, 20 crams, percents.) 92k eh ysel.. 8 Isr 
ian Ob Testdnex Oo). © SeCOndse tea. = 8 aad oo ee see keer es 151 
Per cent of total bitumen insoluble in 86° B. naphtha. ..................... 18. 63 
Bemectinimred) CALDOM:: aris seis 2 (22) YAMee be Lc ekthes Saati pot Jere ss 11. 25 
Bitumen soluble in CS, (total bitumen), per cent........-....-------------- 99. 89 
Sreantie matter msoluble,. percent. 2225.62 2c ashe) ose eee ee oe . 08 
imoreainicymatter insoluble; per cent... 52. - 2.242.282 J a 03 

Bb seas Seeney sk peste ak op rane 8 ee ae yab yin fate saree et ed Ween ge aso. = 12 100. 00 


TapiE 47.— Materials and cost data for surface treatment in 1916. 


PAG GARRET LCR s Ee = cee yee ast WB ha life Hh) ili olla pfay Suvialy 


Quantity of material per square yard: _ 


PE AMNOUSIMN ALCHIAL vars se ete seer eee ape! se ee eer ewe ye 7S eto 
(HPT AYE be Se Rice mee ea Re a lhe aR 


Cost per square yard (cents): 


slat nn Si Uaalenl square yards. . 


gallons... 


pct De ae cana cubic yards. - 


FEST UPEEFERTYOELS ATTA LOLOL cyte ecloy  oys trae rat ea ae epee sie esid ote em eshele wise a onan eras Merete te eae capers 
Gre VOLE ee Ne eal o Ae SA ee ewan Mees se Ae aR et ae dp o. eens De Age 5 
SV IGAMINSISULIACOn se ner ese neler a ae ee etaree aie’ o See belcioe ei cet cere nar ajad aay Pac ste 2 
PAulinmmaterials! 922) 4) Perea sat steer) ceuae eee cate pin ct bass gates se so aes SSeS au SeC ee PERE 
PA Dlgan Sy OLLUMINOUS MALEDIAIS] a2 ous sees eee eens aise ee Seen oe eee eles = waiice eee aaeeele 
pplyinesand and Craveley. oc 2 jae Hos eee eee sk ea patos Oe ee Sas Pra Norn eee ee 
DE PORVISIOW Me tars eee see ne err coin asm ne eels ence ais Maicia SEIS Ue Oem nce tee mene enielane 


7.99 


TABLE 48.—Surface maintenance costs of 1915 experiments, Bradley Lane, Montgomery 
County, Md., from Jan. 1 to Dec. 31, 1916. 


Length of 


Uxperiment No. . Area. 
SEE Gi Construc- | Mainte- 
tion. nance. 
Feet. Sq. yards. “Cents. Cents. 
U5! as SS Le Ea os 2 3,614 6,421 32, 84 7.99 
Deepa eres witches Seadtecs 200 367 39. 42 c 


Cost per square yard. 


Mainte- 
nance cost 
Total. per mile. 
Cents. 
~40. 48 2 $684. 31 


TaBLE 49.— Volume and character of traffic on Bradley Lane, Jan. 1 to Dec. 30, 1916. 


Twenty-four-hour period. 


Maximum. Average. 
East West East West 
bound bound bound. | bound. 
Hel puoaded dt -horse wagon: o.0 a. sea epee sack eet e 11 15 6 7 
Zhwnloaded: 2-horse wagon.) 6.25 8 oe ee es PO ee 12 13 5 4 
Salcoadedse-horseiwaron est yy s sn eh en a ea 24 14 10 6 
AAmUniGad ed: 2-HOrse WagON. feos. eee e eee ee ccc ce ecu 8 18 2 6 
EOAG eM -HOrsenvacon. oon eta eee See ee A ae 3 3 1 1 
6 | Unloaded 4horse wagon..................--.------+------ 1 |}. Di) eee HS bees 
7 | One-horse pleasure vehicle................--.---.--------- 11 8 3 4 
8 | Two-horse pleasure vehicle. ..............:-..---.-------- 1 OA eee sae A eae ete 
9 | Rubber-tired horse vehicle...............--------------- 2 ay | eres ees RE eneee 
LON Saddlethorse: 5.0/6. .2) 252": Tae te ites Far eae 6 4 | 1 1 
lGie Motor cyclosen onic ~ be ier OWN Ls Siete oe see 37 42 9 10 
12 | Excessively heavy vehicle3...............-....---------- 4 4 1 1 
PTUIPNEOLOR RUMAD OE 2 nl ee ae NT oe 95 88 27 33 
Ma Motontouninecarsss.. 2 eee ies ee ae 436 493 141 160 
a SnpeOadedsmOtordray seo eee pete oe coe 35 4] 18 24 
LGM PUnloaded motor drays2s-62 20k sete see eS 10 13 4 3 
1 Viscous, sticky fluid. 2 Width of surfacing taken as 16 feet. 


8 Very heavy vehicles, such as carry ore, stone, timber, machinery, etc. 
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WASHINGTON, D. C., 1915. 


BITUMINOUS CONCRETE. 


These experiments, constructed on the wing drives at either end of 
the main building of the United States Department of Agriculture, 
were described in Department Bulletin No. 407. At the time of 
inspection the surfaces were in excellent condition. They had had 
no repairs and required none. The only noticeable difference between 
the two experiments was the darker appearance and slightly closer 
texture of the surface constructed according to the District of Colum- 
bia specifications. 

BUENA VISTA, FLA., 1915. 


RESIDUAL ASPHALTIC PETROLEUM-CORALLINE ROCK. 


This experiment was intended to serve as a check on section 6 
of the Biscayne Drive experiments begun at Miami in 1913. The 
original report of the Buena Vista experiment appeared in Bulletin 
407, U. S. Department of Agriculture. The following report is 
based on an inspection made December 22, 1916. 

The traffic on this road has been very light and at the time of the 
inspection there was no evidence of wear on any portion. The 
surface showed some evidence of deterioration, however, from other 
causes. The following points were noted particularly: 

(1) Uneven bleeding, due either to lack of uniformity in the 
original distribution of the bituminous material or to segregation 
of the different-sized particles of the aggregate. As a consequence, 
the surface presented a mottled appearance, and where sand had 
been added to the ‘‘fat’”’ spots a surface mat had been formed, 
but because of the nature of the bituminous material this mat had 
not become bonded down firmly as a part of the road, but was 
easily loosened and scattered. 

(2) A trench had been excavated across the road to receive a 
pipe leading to a pump house on the side of the road. After the 
trench was backfilled the road surface was tamped back in place and 
treated with oil of the kind used in the original construction. The 
surface over the trench was about three-fourths of an inch high, 
but otherwise satisfactory. 

(3) About 50 feet of the south shoulder, near the pump house, 
was low and the surface showed a greater tendency to ravel here 
than on other portions of the road. ; 


JUPITER, PALM BEACH COUNTY, FLA., 1915. 
OIL-ASPHALT-SAND. 


The original report of this experiment appeared in Bulletin No. 
407, U.S. Department of Agriculture. The following report is based 
on an inspection made December 21, 1916. At that time the road 
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had received no maintenance since its original construction in 
April, 1915, but was in fair condition. The surface had the general 
appearance of a road over sandy loam, except that the ruts of from 
14 to 2 inches were shallower than is usual with road surfaces of 
loam. The ruts in the natural sand road adjacent to the experi- 
ment were from 5 to 7 inches deep. Since the inspection of Decem- 
ber 10, 1915, which was mentioned in the original report of this 
experiment, the coat of loose material on the surface had decreased 
in thickness to a minimum of about one-fourth of an inch and a 
maximum of about 1 inch. The path worn by horses in the center 
of the road was hardly noticeable. Instead of following the center 
line of the road, travel had followed a curved path, and near the 
center of the section the track was extremely close to the north edge 
of the surfacing. This no doubt was responsible for failure of the 
surfacing in several spots along the north rut, though some of the 
weak spots could not be explained in this way. The following is 
a list of the spots where partial or total failure has occurred, and 
which need immediate attention: 

18 feet from east end of experiment, hole in center of road. 

24 to 30 feet from east end of experiment, north one-half of road. 

39 feet from the east end of experiment, center. 

45 feet from east end of experiment, north rut. 

66 feet from the east end of experiment, north rut. 

71 feet from the east end of experiment, center and north rut. 


84 feet from the east end of experiment, center. 
100 feet from the east end of experiment, center and north rut. 


The county officials at the time of inspection were preparing to 
treat the surface with asphaltic oil which was used extensively in 
construction of coralline-rock roads at the time. It was expected 
that such a surface treatment would check the disintegration at the 
points noted above, as well as prevent other defects from developing, 


WEST PALM BEACH, FLA., 1915. 


BITUMINOUS SAND. 


In continuation of experiments Nos. 1 to 7 a section of sand- 
asphalt or bituminous sand surfacing was built in January, 1915, 
as experiment No. 8. Its construction is described in Bulletin 407, 
U. S. Department of Agriculture. This section was inspected on 
December 11, 1916, and its condition was as follows: 

Experiment No. 8—Bituminous sand.—The surface showed waves 
at quite regular intervals. The sheet was intact, tough and very 
slightly calk-marked and pitted. No failure was apparent at any 
point and no difference in behavior of surface appearance was notice- 
able in the various parts of the experiment. 
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OCALA, FLA., 1915. 


OIL-LIMESTONE, SAND-ASPHALT. 


The original report of these experiments was published in Bulletin 
No. 407. U. S. Department of Agriculture. The following report is 
based upon an inspection made December 16, 1916, when, judging 
from the general condition of the road surface and shoulders, it was 
apparent that the experimental sections had received no maintenance 
since their construction. ; 

Experiment No. 1—Limestone, residual asphaltic petroleum; pene- 
tration method.—The surface of this experiment appeared somewhat 
rougher than a year before, as the defects in construction showed 
more prominently owing to continued wear. At the same time this 
experiment demonstrates that with suitable care in construction a ~ 
very satisfactory road can be built by the penetration method, 
using the soft Ocala limestone. At the time of inspection the section 
showed some areas which had pitted, owing to the excessive wear 
on large exposed fragments of stone or to picking out of individual 
pieces. In a few other places there had been apparently faulty 
distribution, owing in some instances to the wearing course having 
been bonded too tightly before the bituminous material was applied. 
Traffic is concentrated on a 9-foot strip and the wear has been quite 
uniform in-the wheel tracks. Outside of the traveled way there was 
little evidence of wear. A seal coat over the entire section probably 
would prove of material benefit to the surface. 

Experiment No. 2—Sand-oil asphalt——This experiment was in 
practically the same condition as when completed in the summer of 
1915. At the time of inspection there were some slight waves or 
depressions which appeared to have deepened little since construc- 
tion, but at a few of the joints in the work slight depressions had 
formed. In a few places at the sides of the road, where there is no 
traffic, very slight cracks were apparent, but no cracks were eyi- 
dent where traffic exerts its action. In some places the limestone 
shoulders had worn considerably and needed immediate attention. 
So far as could be observed, the varying character of the base had 
caused no differences in the appearance of the surface and, as a 
whole the sand-asphalt experiment was in excellent condition. 


LEMON CITY, FLA., 1914. 


OILS, TAR PREPARATION, CALCIUM CHLORIDE-CORALLINE ROCK. 


The original report of these experiments appeared in Bulletin 
No. 257, U. S. Department of Agriculture, and a subsequent report 
of an inspection in Bulletin No. 407, U. S. Department of Agricul- 
ture. The following report is based on an inspection made Decem- 
ber 22, 1916: 
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In September, 1916, a treatment of crude oil was applied to the 
surface by the county road authorities. At the time of the inspection 
the surface was in good condition, except for one spot 115 feet from 
the north end of the sections. This spot is about 4 feet wide and 3 
feet long and shows excess bituminous material and sand varying 
in thickness from three-quarters inch to 14 inches. The depressions 
noted in Bulletins Nos. 257 and 407 were not noticeable. 


WEST PALM BEACH, FLA., 1914. 


OIL, TAR, AND OIL-ASPHALT WITH CORALLINE ROCK. 


These experimental sections were constructed about 2 miles south 
of West Palm Beach in May, 1914. The original report giving details 
of materials, methods and traffic, is published in Bulletin No. 257, 
U. S. Department of Agriculture, and supplementary report of con- 
ditions in Bulletin No. 407, U. S. Department of Agriculture. 

The work was inspected on December 11, 1916, and the condition 
of the sections at that time was as follows: 

Expervment No. 1—Residual asphaltic petroleum, 2.3 gallons, 
penetration method.—This section continued in very satisfactory 
condition. More of the seal coat appeared to be left on the first 
section, station 0+00 to station 0+50, than on the second section 
of the experiment. A small hole left open at approximately station 
0+25 is now an irregular opening about 44 by 44 inches and the 
edges show no tendency to travel. Where the seal coat is gone, 
the stone showed a mosaic surface with the exposed aggregate worn 
flat. A wooden block, unintentionally left in the surface near the 
right side at approximate station 0+75, and another near the left 
side at approximate station 0+85, gave indication of very little 
wear. Seven small pits in the surface were counted near the north 
end of the experiment. Both sections of the experiment would take 
a seal coat of about one-tenth gallon per square yard to advantage. 

Experiment No. 2—Refjined coal tars, 1.3 gallons, penetration method.— 
A hard, rather than leathery, seal coat was intact on about 60 per 
cent of this experiment, but where breaks occurred there was a 
marked tendency to pit. A block left in the surface at approximate 
station 1+79, 24 feet from the right-hand side, gave indication of 
very little wear. 

Experiment No. 3—Refined coal tars, 1.2 gallons, penetration method.— 
This experiment presented a mosaic appearance and showed a pitted 
area approximately three times that noted at the inspection one year 
before. Apparently the tendency to pit was greater in areas where 
excessively large aggregate occurred and possibly also over pockets 
of very fine aggregate or dust. This latter might have been pro- 
duced by the breaking up of large aggregate by traffic and not indi- 
cate fine material in the original construction. From approximate 
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station 2+44 to the end of the experiment, a crude-oil seal coat was 
applied and the pittmg somewhat reduced. At approximate sta- 
tion 3+40 a mark across the experiment, which appeared to be a 
heavy lappimmg was very noticeable and considerable pitting occurred 
on both sides of it. 

Experiment No. 4—Residual asphaltic petroleum, 1.4 gallons, pene- 
tration method.—A noticeable line at approximate station 4+15 dis- 
tinguishes the two parts of the first section of this experiment. The 
first part showed little tendency to pit where the mat was entirely 
gone and the sand mortar tended to wear away from around the stone. 
The mat was approximately 60 per cent intact on this section. On 
the second part of this section the mat was three-fourths gone and 
the aggregate exposed had a mosaic appearance. The sand mortar 
generally wore from around the stone. Section 2 of this experiment 
had a mat of a dead drab appearance more generally intact than that 
of section 1. The section showed a slight tendency to pit. 

Experiment No. 5—Ou asphalt, 1.8 gallons, penetration method.—This 
section continued to show little change in appearance, except that the 
- wear on the mat was marked by lateral streaks, which may indicate 
application lines. There was some tendency to pit where the mat was 
gone entirely. A plug hole at approximate station 6+14, about 4 
feet from the right side, showed a very little tendency to ravel. 

Expervment No. 6—Ou asphalt, 1.5 gallons, penetration method.—This 
experiment was in practically perfect condition, except for normal 
wear. 

Experiment No. 7—Coralline rock, water-bound macadam.—This 
experiment showed considerable wear, approximating one-fourth inch 
in depth generally over the whole surface and 2 inches or more over 
most of the cross section for a distance of several feet from its junction 
with experiment No. 6. 


MIAMI, FLA., 1913. 


OIL-CORALLINE ROCK. 


The original report of these experiments appeared in Builetin No. 
105, U. S. Department of Agriculture, and subsequent reports of 
several inspections in Bulletm Nos. 257 and 407. The following 
report is based on inspections made on April 24 and December 22, - 
1916. During April a sewer trench was cut through the experimental 
sections. An examination of the surfaces at that time showed section 
No. 3 to be in fairly good condition. Sections 4 and 5 were failing 
and in a very poor condition. The bituminous material showed a 
penetration of from three-fourths to 1 inch. Section 6 was in excel- 
lent condition and showed no signs of local failures or undue wear at 
any point. The bituminous material showed a penetration of from 
14 to 12 inches. 
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In December Biscayne Drive and all the experimental sections 
received a top-dressing of light crude oil and coarse beach sand for 
the purpose of keeping down the dust during the tourist season. On 
December 22, when the road was last inspected, section 3 could hardly 
be distinguished from the surface-treated road adjacent, but it was 
evident that no serious break had occurred. Sections 4 and 5 were 
distinguishable by the numerous particles showing on the surface. 
Section 6 was in perfect condition, with the exception of the new 
surface over the sewer. 


RESUME OF PREVIOUS REPORTS. 


These experiments are located on the Biscayne Drive about 2 miles 
north of Miami, Fla. The road connects Miami with Fort Lauderdale, 
Palm Beach, and other cities along the east coast, and is subjected to 
a fairly heavy mixed traffic. The purpose of these experiments was 
to obtain a satisfactory and permanent surface from the use in con- 
struction of a selected bituminous binder with the native coralline 
rock. Table 50 indicates the method of construction of the experi- 
mental sections and shows their condition at the time of several 
inspections since construction. The tabulation shown has been pre- 
pared from reports of inspections made by this office, published in 
Bulletins Nos. 105, 257, and 407, U.S. Department of Agriculture. 
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ROCKVILLE PIKE, MONTGOMERY COUNTY, MD., 1913. 
SURFACE TREATMENTS ON WATER-BOUND MACADAM. 


The original report of these experiments was given in Bulletin No. 
105, U. S. Department of Agriculture, and reports of inspections 
appear in Bulletins Nos. 257 and 407. The following report describes 
the condition of experiments on February 21, 1917. 

Experiment No. 1—Refined coal tar, hot application.—This experi- 
ment continued to give trouble. Although the entire section was 
retreated in July, 1915, it became necessary to re-treat that part of 
the section, which was added in July, 1915, as described in Bulletin 
No. 407. Disintegration of the surface on this northern portion of 
the experiment had become so rapid that ordinary repairs were not 
adequate, and on October 18 to 21, 1916, the same bituminous mate- 
rial was used as in the original treatment of Experiment No. 1, an 
application of 0.33 gallon per square yard being made. On account 
of the lateness of the season and the possibility of low temperature, it 
was decided to broom the material in order to assure thorough contact 
with the old surface. The tar was delivered directly from the stills 
in tank wagons equipped with fire boxes and the material was dis- 
tributed by gravity through a flat nozzle and thoroughly broomed. 
The material was applied uniformly and carefully in an effort to get 
the best possible results. The characteristics of a typical sample 
of the bituminous material are given in Table 51 and the cost data 
and quantities will be found in Table 53. 

At the time of the inspection the entire experiment was in bad 
condition. South of Bradley Lane (the original experiment No. 1) 
the road was badly worn and had areas with large numbers of cup 
holes. 

Considering the traffic on this section, the road is too narrow and 

the edges suffered severely on account of the frequent turning out of 
vehicles. North of Bradley Lane, which was re-treated as above 
described, the conditions were but little better. The road showed 
the same weaknesses and was requiring more bituminous patching 
than could be done in the season. It appeared probable that the 
entire section would require very heavy repairs and a general re-treat- 
ment as early in the spring as possible. 
_ Experiment No. 2—Refined water-gas tar, cold application.—As 
contemplated in the last report, it became necessary to re-treat this 
section in July, 1916. Characteristics of a typical sample of the bi- 
tuminous material used are given in Table 51, and the cost data and 
quantities in Table 53. The general condition of this experiment at 
the time of inspection was excellent, and generally the mat was hard, 
unbroken, and uniform. 
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TaBLE 51.—Analysis of refined tars used in re-treatment of experiments Nos. 1 and 2, 


Rockville Pike. 
Experiment No. 1. | Experiment No. 2. 
Bituminouspmatentale: eres ee =n eeise eo /eiserese Sea sigsee ee aweergs .---| Water-gas tar re- 
fined. 

CWHATACETISHICS Bee Ney folate e cps rei ota ote nie in are Meters tear ieaet a ae ee 5 MED sticky. 
Specificierayity25°/25°1C se ee ae aes eae ee 1. 209 1.140. 
Rloatitestia29 Crsseconds-2 3 ie oes ee ie ke a A ee 5 

Specific viscosity, Engler 50 c. c., 50° C 19. 4, 
IPencentired CaLbOlssaeceeercssceeeeceee eee ee ere e eee eee " 2.91. 


Per cent | Per cent Hee cent re cent 


by by y Dy 
volume. | weight. | volume. | weight. 


Distillation: 
Hirst light Onsi(to LION eee a eee ee ee een onene seen Se leeaoener ee pee ao eee 30. 20 0.14 
Second light oils Sepeal to WONG) pots 333 5 ee SEES ase | (RES eer [Pp eye 3.10 -08 
Heavy ous d0sto2 702 Ch) ecereseeeneeeser asc nee aceon ecies 113.4 11.0 222.08 19. 81 
HeaviyOlls (270ctoe0ONCs) ee - Sia! ee eee eee 27.8 6.5 12.04 10. 82 
Pitch residue. . ove Rae ee wale vos be Seen ee ciet oem meee ee 78.8 82.5 65. 58 68. 82 
Tota eee sincere) iersthom ite sere ates ome win seem iersnimetnen aries 100.0 100.0 100.0 99. 67 


1 Solid. 2 Clear. 3 Cloudy. 


Experiment No. 3—Asphaltic petroleum, cold application.—The ac- 
tion of this experiment is so well known that little description is 
necessary. Its conduct during the winters of 1915 and 1916 was 
thoroughly characteristic, and in June, 1916, it became necessary to 
re-treat as usual. The work was done by hand, as described in the 
last report, using the same bituminous material originally applied 
with torpedo sand as top-dressing. Table 52 shows the character- 
istics of the bituminous material and cost data will be found in 
Table 53. 

All bottoms and all but the better drained slopes were thoroughly 
wet; one or two breaks had occurred near the top of the hill 600 feet 
from the south end of the experiment. The necessity for patching 
and re-treating during the following summer was evident. 


TaBLE 52.—Analysis of asphaltic petroleums used in re-treatment of experiments Nos. 3 
and 7, Rockville Pike. 


Experi- Experi- 


men ment 
No.3 No.7 
0.945 0.952 
37 18 
93 30 
97.5 90.9 
26. 09 24. 42 
101 118 
14. 67 10. 47 
8.5 4.50 
Bitumen soluble in CS, (total bitumen), per cent................--.------------- 99. 85 99. 92 
Organic matterinsaliblel 2.3) Fee hoo. Vee hr ee ey, eae) eee etl 15 -05 
Inorganicimatterinsolublos esas eee oie Ae in 2 Ue he Re aces oe .00 -03 
Hy ar LR a SUA GS a A UES Pd SRP ee ee 1 Se cae ae 100. 00 100. 00 
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Experiment No. 4—Residual asphaltic petroleum, hot application.— 
Although section 4 had been patched heavily for over a year, it was 
decided in the summer to attempt to carry it through one more win- 
ter without general re-treatment. It was somewhat doubtful whether 
this was the best policy, for the section was acting very much as 
section 7 did during its second winter when re-treatment was post- 
poned. There were a great number of breaks, small but prevailing 
generally over most of the section, showing more or less uniform fail- 
ure of the mat. At some points a slight rutting had begun and made 
probable the necessity for very heavy patching and re-treatment 
early in the season. 

Experiment No. 5—Residual asphaltic petroleum, hot application.— 
The condition of this experiment was comparable with that of expe- 
riment No. 4, although the disintegration did not appear to be quite 
so uniform. Though the surface was wet in all bottoms and poorly 
drained sections, there were larger areas almost intact. On the wet 
sections, the mat showed a tendency to break and form mud and 
considerable patching and it was thought a general re-treatment would 
be necessary the following summer. 


TABLE 53.— Materials and cost data for surface re-treatment, Rockville Pike, in 1916. 


Experi- Experi- Experi- 
Experi- | ment No. 2,| ment No.3,| ment No.7, 


Item. ment No. 1 refined asphaltic | asphaltic 
zm efined coal water-gas | petroleum | petroleum 
tar (cold). (cold). (cold). 
AUD GREG Shes eecsecesese sscecsese=0 square yards. . 4, 825 7,475 12,333 11, 148 
Quantity of material per square yard: 
Bituminous materials .: 2 0. 4{2eees- see ces gallons. - 0.383-+ 0.157 0. 154 0.16 
(Gig Als = tee oe ae ee een One cubic yards. - - 011+ PC (Si See mae el [sy gs oe 
MHA ee see eae ioite esate ais mnie nynis asain ale ayolo Sialsintale Gp e6d aS SERB EAeGH SeanecCoseSs -O11 01 
Cost per square yard (cents): 
iBiitMNimousimatenial =. =. 5225s. 22554 -hoe bee totes 3.00 1.71 1.65 1.92 
Gre Willen sod snl Gaeeerbosenone Hon suebeuboceccobonades 2.93 8 O77 | SOAS R Seca A) CBOSS Beet 
Retest ersten a aad te aiarsicla alo eras aia) emis cmcine Seaton sab etciiem ce | aaaiseacel ees 2.86 2.76 
Cleaminsistalace a= apee aaa =e a ee eee -27 -07 -08 -05 
IERIE inv IGinhl by. 6 8 s6cbere seeeocencecuaccs= Sheeed Base Secdececc 41 59 - 82 
Applying bituminous materials........-......-.... 16 29 e381 . 22 
Applying sand or gravel......--.-.---------------- 22 -26 .22 - 30 
STSRINFRIOO). scoadceceorsesed sscosceacoescsssocbesos - 22 32 24 . 24 
PRG L AN semen e sicid sates yee ets o siniais oes eae Siatcla> 6.80 6.33 5.95 6.31 


TaBLE 54.—Surface maintenance cost of experiments on Rockville Pike to December 
31, 1916. 


Total cost Surface | Total cost | Surface 

persq. yd.| mainte- of surface mainte- 
Experiment No. - Length. Area. rior to nance per sq. yd. nance 
ec. 31, | per.sq. yd. | to Dec. 31, | per mile for 
1915. during 1916.) 1916. year 1916. 


Feet 8q. yds Cents. Cents Cents. 
5 , L00 27.7 5 32.96 $462. 88 
4, 425 7,375 18. 89 6.83 25.72 601. 04 
7, 400 12, 333 20. 42 6.87 27.29 604. 56 
7, 100 11, 833 15. 21 2. 41 17.62 211. 20 
6,775 11, 292 15. 32 2.21 17. 53 194. 48 
6, 325 10, 542 27.53 1.34 28.87 117.92 
6, 689 11,148 20. 41 6.87 27. 28 604. 56 
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Expervment No. 6— Water-gas tar preparation, hot application.— 
The re-treatment of this section in November, 1915, put the surface 
in first-class condition and at the time of inspection it showed little 
wear, no breaks, and only a few small areas where moisture had per- 
meated the mat. In general, the surface remained in fine condition. 

Experiment No. 7—Asphaltic petroleum, cold application.—As con- 
templated in the last report, this experiment required re-treatment 
early in July, 1916. The characteristics of the bituminous material 
used are given in Table 52 and the quantities and cost data are given 
in Table 53. At the time of inspection the surface was in good con- 
dition for the season. It had not become so muddy as usual and the 
mat was much more uniform. ‘Traffic census had been continued, 
regular counts having been taken for a 24-hour period every thir- 
teenth day. A tabulation of the maximum and average of each class 
of traffic for the calendar year 1916 is givenin Table 55. Traffic south 
of the census station is on experiment No. 1 only; that north of the 
station is on experiments Nos. 2 to 7, inclusive. Maintenance by 
patrolmen was continued during the year and Table 54 shows com- 
parative cost data to December 31, 1916, for the various experiments 
included in this project. 


TasBLE 55.— Volume and character of traffic on Rockville Pike. 


° Section 1. Sections 2 to 7. 


Maximum. Average. Maximum. Average. 


North | South | North | South | North | South | North | South 
bound. | bound.} bound.| bound.| bound.| bound.| bound.| bound. 


1 | Loaded 1-horse wagon.......--- 30 18 18 9 22 il 10 5 
2 | Unloaded 1-horse wagon..--..-- 17 31 7 14 | 8 17 4 7 
3 | Loaded 2-horse wagon..--.-----. 46 20 28 14 29 14 6 3 
4 | Unloaded 2-horse wagon...-.-.-- 15 41 4 13 6 28 2 4 
5 | Loaded 4-horse wagon..-. 5 6 1 1 § 5 | Iapascsce 1 
6 | Unloaded 4-horse wagon. . 4 3 1 |..-.-.-- 4 1 |.......-|-------- 
7 | 1-horse pleasure vehicle.-....... 22 21 12 il i 14 5 5 
8 | 2-horse pleasure vehicle.......-. 2 1) | Bee eoesel SoBooees 1 Ue ee es ee ae 
9 | Rubber-tired horse vehicle...... 2 D2 a ee) Decale 1 i Ee Silt eae ae 
10 | Saddle horse.......--.-.-------- 11 21 5 6 7 16 2 3 
1) Motorley cle ier- prea seeesa a 74 71 17 19 57 61 15 15 
12 | Excessively heavy vehicle!.... 23 7 2 1 3 Ca Paeecae Gacadeie 
13 | Motor runabout. ...-.---------- 105 110 50 50 82 87 34 33 
14 | Motor touring car.....-.-..--.-- 694 793 209 216 611 700 158 164 
15 | Loaded motor dray....--.---..- 66 55 40 32 41 46 23 23 
16 | Unloaded motor dray...,-.----- 16 42 5 13 12 12 3 5 


1 Very heavy vehicles, such as carry ore, stone, timber, machinery, etc. 


WASHINGTON, D. C., 1912. 
TAR PREPARATION AND OILS, SURFACE TREATMENT. 


The original report of these experiments was published in Circular 
No. 99 of the Office of Public Roads, and inspection reports have 
appeared in Bulletins Nos. 105, 257, and 407, U. S. Department of 
Agriculture. The following report describes the maintenance during 
the year 1916 and the condition of the experiments March 28, 1917. 
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Section No. 1—Refined water-gas-tar preparation.—Although it 
seemed, in February, 1916, that this experiment probably would not 
require a re-treatment in the summer, wear developed uniformly 
until the mat became so thin that it was thought best to re-treat. 
This was done by hand in October, and the quantities and costs 
appear in Table 58. The same type of bituminous material was used 
as in the original surface treatment and the covering was torpedo 
sand. Analysis of a sample of the bituminous material is shown in 
Table 56. At the time of last inspection, March 28, 1917, this exper- 
iment had a mat generally intact and uniformly worn. Near the 
north end there were a few small breaks in the surface near the center 
of the roadway. 


TasLe 56.—Analysis of water-gas tar preparation ' used in re-treatment of experiment 
No. 1, Washington, D. C. 


SaClie Se N alin aay PEM ORS OAS a eRee Seo oe De GREE See Nearer eee ees mea PAL 

Beetucmascostiyesrmeler, O0n ©. 50.C. Gan. ss cree oe eiere ao steno aes 18.5 

eTACeMipihee CAT DOM scat cra says Seioie cies eterna n/a mara) panera, Wotays aravetay alae pat el oceaar eee 2. 05 

Per cent Per cent 

a by DY 
Distillation: volume. weight, 
WGHET . o SGUG BECO RBC MUCG ROU OO OEE OSS DOOR RUB nc Te OFM BE aS Ee 0.0 0.0 
arstaliehtroils! (GomMlOl©s)) ie je. SNE ETE eS ee 1.0 Or 
Second altos; GlO° to L709 Cee eek 2a ee eis ey & x3 
eawaynoil sr (lh 70c tor2107 Cs)uss ee aie es sere ee eels uo LAO) 19.1 
Heamygouen(2707to 3007 Cisse oes Saas: 2 10.0 9.6 
IEYEHO)a1 TYEISH OTe Ae ee PR te me et cage ee eT 5 ae 67.5 70. 3 
Ny eal apa MI AL BIS See Meta rae Si ee A a A 100. 0 100. 0 


During the autumn and winter of 1916 this experiment was sub- 
jected to a much heavier steel traffic than ever before, owing to con- 
struction operations on the department grounds. About 100 feet 
from the south end of the section a wide trench was cut through the 
roadway and was filled with cmders. A second trench, about 15 
inches wide, had been cut through at a pomt 275 feet from the south 
end, and when filled the surface treatment had been patched. At the 
time of inspection the fill had settled somewhat and probably will have 
to be repaired. Other than the repairs over these trenches, the surface 
needed slight repairs and a light re-treatment during the summer. 

Section No. 2—Asphaltic petroleum, surface treatment.—As con- 
templated at the time of last inspection report, this experiment re- 
quired considerable patching and a re-treatment. during the summer 
of 1916. The quantities and costs appear in Table 58, and the char- 
acteristics of the bituminous material used are given in Table 57. 
This was the same as used in the original treatment. 


1 Fairly viscous fluids. 
2 The 270° to 300° C. portion showed 5 per cent insoluble in dimethy1! sulphate. 
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When inspected on March 27, 1917, this surface showed a larger 
degree of failure than ever before. The first 175 feet from the west 
end has a line of “‘cup”’ holes, generally confined to the middle third 
of the roadway. The mat was smooth and almost perfect over the 
next 100 feet, and there were only two small breaks. Then followed 
another section about 40 feet long spotted with the characteristic 
“cup” holes. The mat close to the “cup” holes was unbroken and 
although many of the holes were not over 3 or 4 inches in diameter 
and probably 90 per cent not over 8 inches across, many were an 
inch deep and some as much as 14 inches. Along the last 200 
feet at the east end of the section, seepage from the bank had done 
more damage than in any previous year. The “cup” holes con- 
tinued along this part of the road, with an almost intact mat between 
them. This experiment showed the need of considerable repair 
and a general re-treatment in the summer. 

Sections 3 and 4—Asphaltic petroleum.—Section 3 was repaired 
thoroughly in the summer of 1916 and given a re-treatment at the 
same time as Section 4, and the same materials were used, so that the 
two sections are alike. Owing to the variation in past history, how- 
ever, the three sections, 2, 3, and 4, will be continued separately so 
far as necessary. The re-treatment costs for section 3 appear in 
Table 58 and the analysis of the bituminous material is given in 
Table 57. - 


TaBLE 57.—Analysis of asphaltic petroleums used in re-treatment of experiments Nos. 
. 2, 8, and 4, Washington, D. C. 


Experi- Experi- 


Inent ments Nos. 
No. 1. 3 and 4. 
Soeeiie eA liny HPAP Coossnssoscoscqssoobcaesoosdsodoas seoKa shades doaSonAseace 0.950 0.956 
Flash point (°'C.).-------- 2-22 - +2. 2622-2222 2222 nee ee eee eee 18 28 
Isiopeabiaye ofeyba} 9 (CCB) So55- ess aos ses ccssae sos see saees cee ase seceossoseqeusseecaus 27 50 
Specific viscosity, Engler 25° C., 50 c. c..-.---.---------.------------------------ 108.6 187.5 
oss at 1635 C.,)o) OUTS, 2OeTaIM See es ee eee saree sec ee eee per cent 22.45 28. 23 
Float test on residue, 50° C. seconds...-....-------.----------.------------------ 119 
Per cent of total bitumen insoluble in 86° B. naphtha.........-.-.-.-.-.-.-.-.-- 8.08 16.58 
IDbG6l COO. 5 oo s5o5dac coos dodsgossactd4so0s sce gsocagdeonsoosonedse per cent 5.49 9.04 
Bitumen soluble in CS» (total bitumen) .........-.-.-..----.-.-------- per cent. 99. 95 99. 95 
Organieimatteminsolublesse-cees-ceee eee eee eeee cee eee eee ee per cent. . 05 .05 
Imorganicanaterinsolublepee. -eeeria ce cee aaa ee cece testes seek per cent. - 00 00 
WMO 55 Ghossasasecpedes seoud sepa sccasaccpe ges 2005c0Ns=sac0e03¢ per cent... 100. 00 100. 00 


The mat on section 3 in March, 1917, was failing quite generally over 
all but 150 feet, where the drainage was best. Raveling of the mac- 
adam had started in a number of places and the effects of poor drain- 
age, especially for the westerly 250 feet where the roadway is in cut, 
was more evident than at any time since construction. The south 
side had softened and rutted and many of the broken areas in the sur- 
face had spread until they had run together and a general disintegra- 
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tion of the surface appeared imminent. It appeared probable that 
reconstruction of the macadam would be necessary. 

Section 4 was re-treated in October, 1916, and at the time of in- 
spection was in almost perfect condition. A few small spots near 
the north end showed excessive wear, but otherwise the surface was 
uniform and intact. The quantities and costs appear in Table 58, 
and the characteristics of the bitumen, which was the same as used 
im original construction, were the same as of that used on section 3. 


TABLE 58.— Materials and cost data for surface re-treatment, Washington, D. C., in 1916. 


Experi- F 
ment No. | Experi- |, DE No. 
Rome, 1, refined | ment No. 3 and ride 
ci water-gas | 2,asphaltic asph Aalto 
fer prep? petroleum. petroleum. 
ESO PERNEG Loanoosnose sosbeobe sac cs gece deoepsee ss + sagse acs sq. yds... 1,318 1,129 2,041 
Quantity of material per square vant 
Bituminous Material see oso os be oases sees seis 2/2 galls... 0.138 0. 152 0.113 
SBTC ocgscononsosoooodencoSeoascassodesscosssoSeer0s cu. yds... . 0064 - 0053 . 0046 
Cost per square yard (cents): 
Batimmnousimaterial’ so. ease ccssce asics ce see eee ss eae 1.38 1.70 1.81 
SPMG! sac seoesonssacnosngodososs soe osoescoss-cossebssoeosetese 1.03 - 86 2783 
Claritin? Ginnie ea ee BASS Se eean: BARNeeNeae eb Sa S ra eee MEH tai 05 06 13 
ieaaline ym atieniatsi. 5 sacs eee lc eie soe eae ete Jee ceciessn/sinis 1.08 27 88 
Applying bituminous materials.........------------------------ 42 56 56 
iNoyo) aele Bese | SEAS Seer see coc seh eee seus eae eee =Seeeeeseesesecoes = -41 49 17 
SOS AMNIGU 6 Go -cosees2eoces tod ocosesedoueasedeoscesosdoscasus -41 48 . 36 
PRO LAr eevee ciaitists sie slaie eles Lainishis sete dawns ceiesewicieecisieinelndine 4.78 4.42 4.64 


CHEVY CHASE, MD., 1912. 


BITUMINOUS CONCRETE, CEMENT CONCRETE, OIL CEMENT CONCRETE, VITRIFIED 
BRICK, BITUMINOUS SURFACE TREATMENTS ON CONCRETE. 

The original reports of these experiments were begun in Circular 
No. 99 of the Office of Public Roads and completed in Bulletin No. 
105, U. S. Department of Agriculture, and supplementary reports 
have been published in Bulletins Nos. 257 and 407, U. S. Department 
of Agriculture. The followmg report covers the condition of exper- 
iments on February 21, 1917. 

Experiment No. 1—Bituminous concrete, Topeka specification.— 
This section continued in essentially the same condition as at last 
report. At points 15, 25, and 30 feet from the north end of the lime- 
stone section three cracks appeared, extending about one-half of the 
width of the surface on the gutter side. About 70 feet from the 
north end of the trap section, near the gutter, there were two breaks 
with an area of about 1 square foot each. In one of these the con- 
crete base was exposed. The slight pitting noted in the last report 
had not increased. 

Expervment No. 2—Bituminous concrete, District of Columbia speci- 
fication.—This surface continued in the same condition as when last 
reported. Two cracks have appeared at 50 and 65 feet, respectively, 
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from the north end on the track side and extend about two-thirds 
across the width of the surface. Shght pitting, due to the disinte- 
gration of exposed rock particles, was still noticeable, but there was 
no increase over that reported last year. The repairs made at the 
expansion joint, described in the last report, appear to have been 
adequate, as no further trouble has been experienced at this point. 
Experiment No. 3—Cement concrete and oil cement concrete; sur- 
faces treated with bituminous materials.—During the autumn the 
‘entire surface of experiment No. 3 received a carpet treatment with 
torpedo sand as a top-dressing. Sections A, B, G, and H were treated 
with a water-gas tar preparation, and sections C, D, H, and F with 
a residual asphaltic petroleum. Sections I and J received a carpet 
coat in two applications of one-half gallon of cold asphaltic petroleum. 
The first application was top-dressed with torpedo sand and allowed 
to stand 48 hours, after which the second application was made and 
additional top dressing applied. The material and cost data for 
these treatments are given in Table 59. 


TABLE 59.— Materials and cost data for surface retreatment in 1916, Experiment No. 3. 


Sections C,} Sections A,| Sections 
D,E,and F, B,G,and H, T and J, 
Item. residual | water-gas | asphaltic 
asphaltic | tar prepa- | petroleum. 
petroleum.} ration. 


Wireaitreatedin pesca Me ee oR Se he ct es utaiis sq. yds. . 1,725 1, 840 667 


Quantity of material per square yard: 
Bituminousimaterialssse- oe seeee eee cette eee eee galls. - 0.275 0.306 0. 499 
Shits Wwe te ub aaccdonoconesuoEsconscodosonaeseouaoteEeTd cu. yds - 0078 - 0084 - 0149 
Cost per square yard (cents): 
IBituMinousimMateriales-ea-eeeeeee eee eee eee eee eee 3.00 4.14 5.94 
SEIvG be ea Se Gene SOP e ame eae EN MOORS O CCU SE AAR EY wears 1.64 1.77 3.18 
Cleaning surfaces.3222¢: 220 Se Cah eek Maen eta es -30 12 44 
Applying bituminous materials.........--.-..-..-.-----.------- - 89 . 87 85 
Ap plyinesand ss Dae Ja sete eer trois ajar ceaielceeleperaie aiatelsjeRvefotfelei« 27 25 44 
SUISEINASIOIS 6 scodsdceboocassarocosssssocsscuasuseroguser cocsdes 23 - 66 - 80 
Totals eset ei eo esa Sh hiectoters s acstalo we ele eisioeisteieieclels mini iowl sie si Sacer cee 6.33 7.81 11.65 


Sections A and B: These sections were in almost perfect. condi- 
tion except for a distance of about 30 feet at the south end, which 
was treated in cold weather. Over this portion of the experiment 
there were quite a number of small scars, where the treatment had 
been removed by traffic. 

Sections C, D, E, and F: This mat was noticeably heavier than 
that resulting from the application of water-gas tar and had a dis- 
tinctly leathery texture. About 10 feet south of the E post there was 
one small break, the only one on the section. Slight calk marks were 
visible and quite generally distributed, and there appeared to be a 
tendency to push, but the wavy condition was barely noticeable. 

Sections G and H: These sections showed no breaks, and the sur- 
face was smooth, but the wear near the center had exposed the 
concrete in a number of places. 
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TABLE 60.—Analysis of wdter-gas tar preparation’ used in surface treatment of concrete 


experiment. 

SROOMCIETA VIE 2 OCIA Onis tise keyed Bet OR ee a bots uo eon 1.155 

Moatibest)32° ©. (seconds),321;\50° C. (seconds) 2222220400 os ee Le ek es 84 

Percent free Carbon..-..-..---.-5.--5-- ae itl etl Saat Tey ghAL/ A BN 2 PAU By, Bes 

Per 

Fer gent cont 

Soy eee vol- 

Distillation: oe meiene 
VETS id 2 SAR A ete eg TEIN Spe a ate SR a Weg cr eta 0.0 0.0 
Barcigictt, otis, (tolOl Os) je y.2 Sco) Ny eh ek oo 50) .0 
SOT AG Tires gee ol sh (UM ONS raya ck Oi) ss NM A I i a a el .0 0 
Eliemayg onlay CAO to 270 Oa) SN SAN EU SENRINS Sd AAD) 214.1 IAL, 2 
eA ayaOils' (20S stor sUOCkC, WaLce VEAL OPE TNO Ue 28.9 7.4 
JPSURCI D0 MSO ds Ud le He Ng gn PO al 2 MER eT A OR 377.0 80.9 
“NGC = 2 SiR I a rege ee NUNS Ta Og eT Rc 100.0 100.0 

: ; Per 

Dimethy] sulphate test: Percent _ cent 
s by vol- insolu- 

Fraction: ume, ble. 
COCO TSU eM Oa tee ra nant ROU SA Meee Os BSD. SONNE NG © SOLVE. (a5 8.9 0.0 
SIND RON IONS WGI apa ea Maes ae Sapam Peedi Bt tl eam 20.8 5.0 
BIO) Ties: SI SI Ogee Mee eB a Io) i OR NR ese lt kart Ee 7.0 17.5 

TABLE 61.—Analysis of petroleum products used in surface treatment of concrete experiment. 

See Sections I 

F, residual aug, as- 

asphaltic Ue am HO Ie 

petroleum, | ‘eum. 

Ss Bae araeity 257/25" C ile 2 Mh ih lee ae Oe SAP ER Me: ol ade OER SLR OE 0.993 0.945 
NST AS HAD OML Ug Cora ee arcu ste aloe nee ae ear resents No HOLA 2 ON RS ee ioeubenscaaec 37 
IBPHTEbLaY? Jaa AC SE poaee Bee REE Es aSe Oe coe ore Ee SND SEL a unre on er rmminey. rales lseasdeceocas 93 
puede WISCOSLUYMEl ORs 5OCs Case see eenisae cate ee elec cin ieee oe gcse eee clea 113.5 297.5 
Float test at 50°C. MSE CONG Sees e UC Bae CNN Eek ON ee 28) ae Ane 
Mossiat 1630\C*ajihours, 20/grams\iper centas..)l 22a ee eee 13.71 26.09 
Wloatitestonmesidies02 ChsSsecondse. ee i ne 151 101 
Per cent of total bitumen insoluble in 86° B. naphtha....................-....- 18. 63 14.67 
exe dca rbonsmeriCent sakes see eee ees cL eu NN 3 Nd ans 11.25 8.5 
Bitumen soluble in CS: (total bitumen), per cent...-.-.--.---------------+------ 99. 89 99.85 
Oreanicmarerinsolubles per Comb (5 5 544.) ween ae Ue eee -08 15 
Tnorganie matter msoluble, per cent............----------.-- 2222222 eee -03 -00 
FROLDINDORCEM Gasca ys oa Se eo clus Oraee Neva oc io 2) Sees ce nie eR I 100. 00 100.00 


1 At 100° C. 2 At 25° C- 


Sections I and J: These sections were much like C to F and had a 
_ rubbery mat with few breaks, but a tendency to push. With cold and 
moisture the mat became somewhat mealy under traffic. 

Experiments Nos. 4 and 5—Ouil cement concrete; cement concrete.— 
There was less distinction apparent this year between experiments 
Nos. 4 and 5. The gravel aggregate showed a very material wear 
in No. 5. The limestone appeared to be worn more than the gravel, 
as evidenced by conditions along the eastern 4 feet of the surface 
and especially over the last 50 feet of experiment No. 4, south of the 
Columbia Club main entrance. 

Experiment No. 6— Vitrified brick.—There has been no great differ- 
ence in apparent wear between the several sections of this experiment. 


1 Very viscous. 2 Clear. 3 Hard, brittle. 
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Local failures occurred in sections K and L amounting in all to about 
200 square feet. A profile has been run along both sides and along 
the center of the experiments indicating that there has been consider- 
able settlement in the sections where local failures oceurred. It was 
expected that repairs would be made in the spring by cutting out the 
depressed areas, keying the edges carefully and patching with brick 
similar to that used in the original work. 

A traffic census has been taken on this road every 13 days for a 
24-hour period. A tabulation of the maximum and average for each 
class of traffic for the calendar year 1916 is given in Table 62. The 
west side of the road carries south-bound traffic coming from the 
railroad and the east side carried north-bound traffic toward the 
railroad. 

The total cost of each experiment to December 31, 1916, are shown 
in Tables 59 and 63. ; 


TABLE 62.—Volume and character of traffic on Kensington Road north and south of 
Bradley Lane, Janwary 1 to December 30, 1916. 


North. South. 
Maximum. Average. Maximum. Average. 
North | South | North | South | North | South | North | South 

bound. |} bound. | bound. | bound. | bound. | bound. | bound. | bound. 

1 | Loaded 1-horse wagon....-..--- 7 30 3 14 18 17 10 8 
2 | Unloaded 1-horse wagon..-...-- 9 20 3 9 9 16 5 7 
3 | Loaded 2-horse wagon......---- 18 60 4 24 17 58 7 23 
4 | Unloaded 2-horse wagon.....--- 24 30 8 13 49 15 21 4 
5 | Loaded 4-horse wagon....------ 1 a9 Base ser lscocnoes Fae] Leen halen A mae Le eels a 
6 | Unloaded 4-horse wagon. ...---- 1 Ae | Se ael eee eee 1 A Se ees 2S Ae eS 
7 | One-horse pleasure vehicle. ----- 7 21 2 6 12 10 6 5 
8 | Two-horse pleasure vehicle. ---- 1 (| Baamonce samecaad 4 iL-i} 2 = Se CC a as 
9 | Rubber-tired horse vehicle. - - - - 5 a Eee el tasted 5 Bile Se ee ea 
10 | Saddle horse....--..--.--------- 10 11 3 2 15 10 3 3 
Dis | Motorcycles se css seo essen 8 32 2 12 50 39 13 12 
12 | Excessively heavy vehiclel__..- 5 SN Bospeene 1 6 7 1 1 
13 | Motor runabout... a 38 127 12 54 206 143 78 56 
14 | Motor touring car-..- 295 635 83 264 858 711 386 293 
15 | Loaded motor dray-. ae 32 82 fai 51 7 59 43 35 
16 | Unloaded motor dray-.----.-..--- 13 40 2 12 30 24 7 12 


1 Very heavy vehicles, such as carry ore, stone, timber, machinery, etc. 


TABLE 63.—Surface maintenance costs of 1912 experiments at Chevy Chase, Md., to 
December 31, 1916. 


Maintenance cost of experiments. Total cost per square yard. 

Total for 
Experiment No. Area experi- : z 

ments to 1916. Total. consiruc Hainte Total. 

Dee. 31, 4 

1915. 
Sq. yds Cents. Cents Cents 

MS eos ooeaeee , 498 $3525) ee aeeeerne = $3.25 186.6 186. 84 
Deeks ase hsese4 1, 400 7.66 $3.61 11.27 195. 65 80 196. 45 
See eee ee EIae 4,178 3.57 338. 76 342.33 2154.95 8.19 163.14 
QU eee Sees. 1,744 20.50 17.66 38.16 2150. 25 2.19 152.44 
Dee eee ees cette 3,013 22.73 31.01 2142.29 1.03 143.32 
GEE hs SES 2,055 1.77 1.59 3.36 258. 21 16 258.37 


1 In the progress report for 1915 the square yardage of experiment No. 4 included all oil-cement concrete. 
In October, 1916, sections G, H, I, and J were surface treated with bituminous materials and torpedo sand, 
restoring them to their original condition, and reducing the area of the oil cement concrete experiment to 
1,744 square yards, as originally constructed. The area of experiment No. 3, which is now entirely surface- 
treated, is correspondingly increased to 4,178 square yards. 

2 Weighted average price for different sections. 
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CHEVY CHASE, MD., 1911. 
BITUMINOUS CONSTRUCTION AND SURFACE TREATMENT. 


The original reports of these experiments are given in Circulars 
Nos. 98 and 99, Office of Public Roads, and supplementary reports 
appear in Bulletins Nos. 105, 257, and 407, U. S. Department of 
Agriculture. The following report is based upon an inspection made 
February 21, 1917. 

Section No. 1—Refined coal tar, penetration method.—Except at the 
narrow part of the section where traffic is much concentrated, this 
surface presented an excellent appearance. The wear has been even 
and a uniform, slightly mosaic condition prevails. At the curve the 
ageregate was exposed quite generally and a few shallow patches were 
needed. It appeared probable that a re-treatment of this portion 
with about 0.25 gallon per square yard would be required in the 
spring. The gutter on the west side of the section continued to give 
trouble and is responsible for a slight roughness at this place. 

Section No. 2—Refined coal tar, modified Gladwell method.—The 
condition of this section continued satisfactory. The slight roughness 
along the gutter edge noted in the last inspection report had not 
increased, and except for a strip about 4 feet wide on the track side 
of the section, the surface was in practically perfect condition. The 
4-foot strip required a little patching and would be benefited by a 
re-treatment. 

Section No. 3—Fluxed native asphalt, penetration method.—The 
wear on this section, noted as being somewhat irregular last year, 
was much more even and the experiment is conspicuous on account of 
the uniform condition over the entire cross section. Only a few large 
stones were noticeable throughout the surface. 

Section No. 4—Gilsonite oil-asphalt, penetration method.—The south 
end of this section did not require the heavy patching expected last 
season and continued in fair, but uneven, condition. The north end 
is heavily patched, especially along the track side. The mat con- 
tinued in about the same condition as last year, but the surface was 
somewhat more uneven than that of section No. 3. 

Section No. 5—Oil asphalt, penetration method.—The east and west 
parts of this experiment were much more nearly alike than in 1915. 
The east side has failed just as the west side did; heavy patching was 
needed. The west side continued intact as a result of the patching 
done, but both sides were rough and wavy. 

Reeion No. 6—Oul asphalt, penetration PK. —The east side of 
this experiment continued generally better than the west side. On 
the west side about 60 feet south of the Chevy Chase Club entrance 
there were two breaks through the surface, but the corrugations near 
the gutter had not increased and the surface otherwise was intact. 
Tt was much smoother than that of No. 5 throughout the traveled way. 
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Section No. 7, A and B—Oul asphalt, penetration method.—Section 
A continued distinctly more mosaic than B and required a little patch- 
ing. Section B had the aggregate exposed in numerous spots along 
the east half and needed somewhat heavy patching in the spring, to 
go through the season. ‘The west half toward the trolley tracks was 
much better and less moisture appeared through the surface than near 
the gutter. 

Section No. 8—Refined water-gas tar preparation, surface treat- 
ment.—During the past summer experiment No. 8 was re-treated with 
the same type of bituminous material as used in previous treatments, 
and the section appeared to be better than is usual in winter. The 
recent treatment, however, wore away in small areas, exposing the 
smooth surface of earlier treatments beneath. ‘There were no breaks 
in the surface, and the wear since the last re-treatment has been uni- 
form with the surface, smooth and regular. This experiment indi- 
cated need of re-treatment in the summer. The cost of the re-treat- 
ment is given in table 65. 

Section No. 9—Asphaltic petroleum, surface treatment; Section No. 
10—Residual petroleum, surface treatment.—Section 9 was again 
re-treated during the past season. South of Kirke Street the east 
half of the section was wet and rough, but the rest of the section was: 
better than is usual at the time of inspection, and presented a gener- 
ally smooth surface, except for waviness on the east one-third. 
It seemed probable that the section would require another treat- 
ment. ‘Table 64 gives an analysis of the bituminous materials used in 
re-treating sections Nos. 9 and 10, and the cost of re-treatments appear 
in Table 65. 

Both ends of section No. 10 were rather better than usual at this 
season of the year but the middle one-third was bad, having developed 
the characteristic pot-holes at more or less regular intervals, owing 
apparently to the rhythmic impact of automobile traffic. 


TABLE 64.—Analysis of asphaltic petroleum used in retreatment of sections 9 and 10. 
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TABLE 65.— Materials and cost data for surface re-treatment, Chevy Chase, Md., in 1916. 


Experi- E = 
xperi- Experi- 
ae ment No. | ment No. 
Item. SPAS 9, asphal- | 10, asphal- 
tar Hoes tie petro- | tic petro- 
eration leum. leum. 
PRO EEORE CG: sae tee ore as Bee ace se sah see sesso uare yards: - 1,477 761 1,013 
Quantity of material per square yard: 
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TABLE 66.—Surface maintenance costs of 1911 experiments at Chevy Chase, Md., 
December 31, 1916. 


Maintenance cost of experiments. Total cost per square yard. 


ess, Total for 


Experiment No. 


Con- Main- 
Donat 1916 Total. | struction. | tenance. Total, 
1915 

Cents. Cents. Cents: 
$128. 45 $4. 23 $132. 68 46. 8. 5 
16.14 4.55 20. 69 64. 42 2.93 67.35 
14.71 5.92 20. 63 64.69 1.33 66. 02 
46.77 10.32 57.09 57.18 3. 67 60. 85 
305.50 7.75 313.25 58.27 21.65 79. 92 
2 2 8.85 44.47 & = 2.86 71. 08 

oO is 

(eee \ 2.90 103.19 { a \ 10.54 66.03 
130. 80 117.05 247.85 39. 59 16.78 56.38 
148. 22 77.97 226.19 42. 01 29.72 71.73 
437. 84 131.16 569. 00 44.31 56.17 100. 48 
0.00 ad 5. 88 81.51 1.56 83.07 


Section No 11—WNative asphalt emulsion, macadam surfacing.— 
This section never has been re-treated and it has required no patching 
until the past season, when a few slight breaks were repaired. The 
mat was breaking rapidly and at date of inspection there were 
numerous places where the aggregate was exposed and four or five 
places where raveling was imminent, with moisture coming through 
about 60 per cent of the surface. It was probable that considerable 
patching and a reseal would be required in the spring. 

Maintenance during 1916—In addition to the general re-treatments, 
as above described, the patrol system of maintenance was continued 
during the year. Table 66 presents the total cost of all maintenance, 
including the re-treatments shown in Table 65 
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A traffic census was taken every 13 days for a 24-hour period. The 
maximum and average of each class of traffic for the calendar year 
1916 is shown in Table 62. Each side of the road carried traffic in 
one direction only. 

JAMAICA, N. Y., 1911. 


OIL-CEMENT CONCRETE, OIL-ASPHALT, TAR, AND FLUXED NATIVE ASPHALT. 


The original report of these experiments was published in Circular 
No. 98, and reports of annual inspections and repairs are given in 
Circular 99, Office of Public Roads, and in Bulletins Nos. 105, 257, 
and 407, U. S. Department of Agriculture. The following report 
relates to the condition of the pavement on January 23, 1917: 

Expervment No. 1—Outl-cement concrete——In September, 1916, the 
old bituminous surface was loosened and removed. The concrete 
pavement for about 20 feet on each end of this section was broken 
up and rolled down with a steam roller to about 2 inches below the 
abutting grade. The whole area of this section was then covered 
with a 2-inch surfacing of Topeka asphaltic concrete. 

Experiment No. 2—Cut-back oil-asphalt, mizing method.—The east- 
erly 50 feet has been patched considerably and is in bad condition. 

Experiment No. 3—Fluzxed native asphalt, mixing method.—This 
section was in good condition except at places where cuts had been 
made for house connections and along the sides where the foundation 
had been’ poor. The waves in the surface on the north side at the 
east end had become 2 to 3 inches in depth and were lengthening 
westerly. They seemed to have originated from the waves in the 
adjoining section. The seal coat was wearimg thin throughout the 
section. 

Experiment No. 4—Refined coal tar, mixing method.—The tar seal 
coat on the westerly half was worn nearly off. The whole surface 
showed waviness, especially along the north edge for a width of 5 
feet from station 8 to station 9 and for a width of 10 feet on the 
south side from station 8+45 to station 9+50 where the surface 
has disintegrated in places to a depth of from 1 to 3 inches. The 
asphalt seal coat on the easterly half was becoming thin and worn 
through in several places. Several shallow potholes had formed 
along the north side from station 9+50 to station 9+65 and the 
disintegration had extended deeper on the south side from station 
10+60 to station 10+80. In September, 1916, the surface east of 
a house connection near station 10+80 was replaced with a 2-inch 
surface of Topeka asphaltic concrete. 

Experiment No. 5—Cut-back oil-asphalt, mixing method.—In Sep- 
tember, 1916, the surface of this section, except the easterly 100 feet, 
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was rebuilt with Topeka asphaltic concrete. The surface on the 
easterly 100 feet was in fair condition, except along the sides and the 
center from station 13+25 to station 13+40, where the seal coat 
had worn through and several potholes had formed. 

Experiment No. 6—Ouil-asphalt, penetration method.—In the spring 
of 1916 two small potholes about 7 feet north of the center at stations 
13 +97 and 14413, and two small potholes at the junction of experi- 
ments Nos. 6 and 7 were patched with broken stone and asphaltic 
cement. No other repairs were made on the section during the year. 
The seal coat was worn through in a number of places and potholes 
were developing on the north side at stations 15+40 and 15+45, 
where the foundation had been poor. From station 13 +94 to station 
14+38 the surface was disintegrated slightly. 

Experiment No. 7—Refined coal tar, penetration method.—Potholes 
have formed in the surface from station 15+57 to station 16+95. 
_ The south edge from station 16 to station 17 was in poor condition. 
The seal coat was becoming very thin. This section was less wavy 
than any of the other sections and, on the whole, was in good condition. 

Experiment No. 8—Fluxed native asphalt, penetration method.—The 
slight waviness of the surface was a little more pronounced than at 
the previous inspection. The small pothole at station 17+60 had 
disappeared but a depression still was noticeable. On the whole 
this section was in very good condition. 

Experiment No. 9—Oil asphalt, penetration method.—The surface 
_ was raveled to a depth of about one-half inch or more in a number of 
places scattered throughout the section. At the easterly end the 
surface abutting the wood-block pavement was particularly bad in 
this respect. This probably was due to a slight difference in grade 
elevation for the two surfaces. 


RESUME OF PREVIOUS REPORTS. 


OIL-CEMENT CONCRETE, OIL ASPHALT, TAR, AND FLUXED NATIVE ASPHALT. 


This experimental road, 25 feet wide, was built im August and 
September, 1911. The work consisted in resurfacing a 2,000-foot 
length of badly worn, water-bound macadam pavement on Hillside 
Avenue. Before the experimental work was begun the old macadam 
surface was scarified and rebuilt to a crown of three-eighths inch per 
foot by addition of material and rollmg. On this macadam as foun- 
dation nine experimental surfaces were laid—one. oil-cement concrete 
pavement, four bituminous concrete pavements, and four bituminous 
macadam pavements. The aggregates used in all the experiments 
was clean, crushed trap rock, screened according to the following 
grades. 
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Screenings—Crusher run passing a 3-inch circular opening includ- 
ing dust of fracture; 3-inch stone, passing 1}-inch circular opening 
and retained on 3-inch opening; 13-inch stone, passing 2}-inch cir- 
cular opening and retained on 14-inch opening; 3-inch stone screen- 
ings from which dust had been removed. 

Traffic census for 11 days in 1911 showed a maximum of 2,794 
vehicles per day of 24 hours, a minimum of 655 vehicles per day of 
24 hours, an average of 1,493 vehicles per day of 24 hours. 

Table 67 indicates the method of construction of the experimental 
sections and shows their condition at the time of several inspections 
since construction. The tabulation shown has been prepared from 
detail reports of inspection and published in Circulars Nos. 98 and 
99, Office of Public Roads, and in Bulletins Nos. 105, 257, and 407, 
U. 8. Department of Agriculture. 
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AMES, IOWA, 1910. 
OIL-ASPHALT GRAVEL. 
ResumME or Previous Reports. 


This experimental road was built in September, 1910. The work 
consisted in resurfacing a 300-foot section of gravel road in the 
grounds of the Iowa State Agricultural College. The old gravel 
road had a thickness of 6 inches and was in good condition when the 
work was begun. A portion of the traffic was automobile. Table 
68 shows the condition of the experiment at various times since its 
construction. The results shown have been taken from the reports 
of inspection made by this office, published in Circulars Nos. 94, 
98, and 99, Office of Public Roads, and in Bulletins 105, 257, and 407, 
U. S. Department of Agriculture. 


BULLETIN 586, U. S. DEPARTMENT OF AGRICULTURE. 


68 


*TOIJOOdSUI SIq9 
JO ol? 48 UOr}Ipuod 
poos ut :paed arenbs 04 
UO][vs J[Vy-9l0 yO o4eI 
ye W0TZI0d pefosAesy O47 
0} pordde jto 4,;eydse 
AAvoy 1040900 UL ‘[ny 
-ssooonsun 4nq ‘oung 


Uy por[dde urese [10 yYsrT 


., Cv _"3ded “8 “a 
L0F ‘ON UlJeTING) STI6T 


‘Iequieoeq +~WOTsIpuog 


“quered 
-de@ 404 Jou Adee ‘TIO 
FqSI] & YM poyeosy 
pue pedeyser uwseq 
sey eotjJINS ‘UOTZIp 
-10d poo ut AT[e10me4 


{Cy ydeq "s "0 
162 ‘ON UIOTIN) FIL 
‘Iequies9q  orjyIpuog 


‘orqe 
“Tq} SI YO [el1o} eur 
SnOUIUIN}Ig plo pues 
[eAvis poxoed Jo I9AVT 
UMOIG B So[quIOSaI sey 
-IMs ‘suorIssordep 90144 
IO 0M} ‘UOI{IPUOD pooy 


_ Cy yded "Ss * 
SOT ON UNeTING) FI6T 
‘Alenuep  worIpuog 


“908TINS MOTAq 
deep soqour ¢ uemINn4iTq 
SMOYS PCOIJO 1o}U90 UT 


‘snp ofoy ‘eoeyans 4sS0 


-Yyjooms oy} sey sty} 
‘OPIS ISB TO [9AC1} VIO, 


(66 ON TeMOITO speoy 


dITGNd JO eoWO) ZI6T 
‘1240290 UWOLIIpuog 


*400} T 0} YOUT J[Vy-ouO ‘MMOD {490} 
LZ OdRJAINS OY} JO YAPIM :4no polip 
pey 3I USA pool sovjams ‘pomor 
-1eq pue iojemM GyIM A[Yysno10y) 
poxeinyes SBAL ODVJAINS P[Oo eul0D0q, 
peu yeydse uoym ‘pared orenbs 
Iod suoT[e3 FI JO 0781 94} 1B 9ovyINS 
[oAeI3 soo, B 0 potjdde “yy .008 


*peol suraiofpe mor 
4 UO polio pnut 
jo Your T ynoqe ‘yno 


-Ysnoriy} WIOyIUN voejIng | 4e yeydse [IO—‘za2vL16 yoydsn-710 | ODE 
‘OT 

*(86 ON Ie[MoTD speoy *(¥6 Te[NoIID 

oT[qNd JO 9dWFO) TITEL speoy o1dng JO WO) O16T | WIsUeT 


‘TeQUIOAON  Orjtpuog | ‘Mor0N14sSU00 [eUTZIIO Jo MOr}drI0soq 


‘Dnoy ‘samy 70 sjuamiuaday—'39 ATA], 


DUST PREVENTION AND ROAD PRESERVATION, 1916. 69 


KNOXVILLE, TENN., 1910. 
TAR AND OIL PREPARATIONS. 
RESUME OF PREVIOUS REPORTS. 


This experimental road was built in the summer of 1910. The 
work consisted in resurfacing a section of the Rutledge Pike, an 
old, badly worn, water-bound macadam. Before the experimental 
work was begun the old macadam surface was loosened and re- 
shaped. Crushed limestone ranging from 2 inches to three-quarter 
inch in diameter was spread over the road to a depth of 2 inches, 
and rolled. A crown of one-half inch to a foot was used for both 
the foundation and the surface. On this macadam as foundation, 
three experimental surfaces, 20 feet in width, were laid, using bitu- 
minous materials by the penetration method. A very hard limestone, 
known locally as iron limestone, was used in the wearing course of 
all the experiments. The following table indicates the method of 
construction and shows the condition of the experimental sections 
at the time of the several inspections. The tabulation has been 
prepared from reports made by this office and published in Circu- 
lars Nos. 94, 98, and 99, Office of Public Roads, and in Bulletins 
Nos. 105, 257, and 407, U. S. Department of Agriculture. 
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DUST PREVENTION AND ROAD PRESERVATION, 1916. ia | 


YOUNGSTOWN, OHIO, 1909. 


SLAG, SLAG AND LIME, SLAG AND WASTE SULPHITE LIQUOR PREPARATION, AND SLAG 
AND TAR. 

The original report describing these experiments was published in 
Office of Public Roads Circular No. 92, and subsequent reports of 
annual inspections in Circulars Nos. 94, 98, and 99, and in Bulletins 
Nos. 105, 257, and 407, U. S. Department of Agriculture. The fol- 
lowing report describes the condition of the various experiments on 
December 4, 1916, and furnishes a brief résumé of previous reports. 
The experiments are discussed in the order of their section numbers, 
beginning at Mahoning Avenue. 

Section No. 1, blast-furnace slag—The condition of this section was 
unchanged materially since the inspection in December, 1915, except 
that the middle of the road was no longer pulverized, and pronouncea 
depressions about 2 inches deep have developed in the wheel tracks 
at about 150 feet and 175 feet from the north end. A hole dug about 
200 feet from the north end of the section showed the depth of slag 
to be about 8 inches. A laboratory examination of a sample of this 
slag showed (1) that the slag particles were carbonated on the surface 
and (2) a cementing value of 55. 

Section No. 2, blast-furnace slag and lume—The south one-half of 
this section showed two wide, shallow ruts, with a slight accumula- 
tion of fine loose material along both edges of the road, and over this 
part of the section the crown of the surface had disappeared almost 
entirely. The remainder of the section had not changed materially 
in appearance since the inspection of December, 1915, except that 
the ruts had become slightly more pronounced and a few of the 
foundation stones were showing in the surface. Holes dug at 125 
feet from the north end and 30 feet from the south end showed the 
depth of slag to be 63 inches. A sample of this slag showed (1) that 
the slag particles were carbonated on the surface and (2) a cement- 
ing value of 115. 

Section No. 3, blast-furnace slag and waste sulphite liquor prepara- 
tion—The north end of this section, for a distance of 100 feet, was 
resurfaced with slag sand in the fall of 1916. The next 100 feet 
showed a rather loose surface with two broad, shallow ruts, though 
the depression along the center of the road noted in December, 1915, 
had almost disappeared. The remainder of the section (300 feet) . 
was worn uniformly and in good shape, except for depressions in the 
ruts near the middle of the section, which cover an area of about 
2 square yards, and the west edge of the road had been partially 
destroyed to a width of about 1 foot for a distance of about 100 feet 
from the south end. The latter damage was caused by failure to 
maintain the shoulders in proper shape. The south end of the sec- 
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tion was worn down about 24 inches below the surface of section 4, 
where a bituminous binder was used. 

Holes were dug at 225 feet from the north end and 175 feet from 
the south end of the section and showed the depth of the slag to be 
about 64 inches. A sample of the slag showed (1) that the slag 
particles were carbonated on the surface, (2) that the pores of the 
slag contained calcium hydrate crystals, (3) a cementing value of 63. 

Section No. 4, blast-furnace slag and refined coke-oven tar—The 
south 50 feet remained in good condition, except that the surface 
was slightly wavy. The remainder of the section, which was reported 
as having failed at the time of the inspection of December, 1915, 
had been covered over with slag sand, and is no longer of experi- 
mental value. A sample of the new slag sand showed a cementing 
value of 67. 

Section No. 5, blast-furnace slag—The south 90 feet of this section 
was in uniformly good shape. The remainder of the section, through 
the cut, was worn into ruts and showed an accumulation of fine 
material on the surface. The ruts noted at the time of the inspection 
of December, 1915, 165 feet and 135 feet, respectively, from the 
south end, had increased in depth to about 3 inches. For the rest 
of the distance the ruts were broad and shallow. The north end of 
the section still was about 14 inches below the surface of section 4. 

Section” No. 6, blast-furnace slag—This section had not changed in 
appearance since the inspection of December, 1915, except that an 
accumulation of fine material had collected along the east edge of the 
road. A hole dug about 150 feet from the south end of the section 
showed the depth of the slag to be about 94 inches. A sample of 
the slag showed (1) that the particles of slag were carbonated on the 
surface and (2) a cementing value of 45. 

Section No. 7, blast-furnace slag and open-hearth slag—The north 
one-third showed little evidence of wear and the surface was firm and 
well bonded. The south one-third showed considerable wear along 
the wheel tracks, but the top course did not appear to have worn 
through, and the surface still was firm and well bonded. The depres- 
sion over the culvert near the south end had flattened out, due to 
the wearing action of traffic, but had not been repaired. The middle 
one-third of the section was resurfaced with slag sand in the fall of 
1916, and probably will not be of any further service as an experi- 
-ment. It was evident that the surface had become rather rough and 
badly rutted before the slag sand was applied. __ 

Holes dug at 50 feet and 100 feet from the south end showed the 
depth of the slag to be about 9 inches. A sample of the slag showed 
a cementing value of 65, carbonated surfaces, and practically no 
evidence of the open-hearth screenings used in the original con- 
struction. 
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DUST PREVENTION AND ROAD PRESERVATION, 1916. te 


These experiments have now been under way for about seven years, 
and the salient features of the records are summarized below for con- 
venience. 

The total length of the experimental road is 2,750 feet, and the 
width of the slag surface 14 feet. The blast-furnace slag was ob- 
tained from the Youngstown plant of the Carnegie Steel Co., and 
had weathered on the dump for some time. The slag wus selected 
with care and was screened to the sizes indicated for the different 
sections. The open-hearth slag was obtained from the ordinary basic 
open-hearth process and was ground to the size indicated. The tar 
was a refined coke-oven tar, and the waste sulphite liquor was a con- 
centrated form of the ordinary by-product in the manufacture of wood 
pulp. The traffic over the road is only moderate, but no actual counts 
have been taken. 


GARDEN CITY, DODGE CITY, BUCKLIN, AND FORD, KANSAS, 1908. 
SAND-CLAY. 


The original report of these experiments appeared in Circular 
No. 90, and reports of subsequent inspections in Circulars Nos. 92, 
94, 98, and 99, Office of Public Roads, and in Bulletins Nos. 105, 257, 
and 407, U. S. Department of Agriculture. 

Experiment at Garden City.—This road was inspected December 9, 
1916. The ruts and low places mentioned in the last report had been 
repaired by the addition of new material and by the liberal use of the 
road drag. The road had been resurfaced for a distance of 600 feet 
between station 6 and the bridge across the Arkansas River. ‘There 
had been no rain since this work was done, and because of a lack of - 
moisture the surface was not very well bonded. In general, this 
experiment was in a good condition. 

Experiments at Bucklin.—This road was inspected December 8, 
1916. Its condition, in general, was very poor. The surface was 
_ badly rutted and had worn very thin in places. From station 46 to 
the bridge it had been badly damaged from flood water of the Arkan- 
sas River in the spring of 1915. This section had been rebuilt and 
surfaced and was in good condition except that the surface was very 
poorly bonded. The summer had been exceptionally dry and very 
- little improvement had been made by using the road drag in main- 
tenance. 

Experiment at Ford.—This road was inspected December 8, 1916, 
and was in good condition generally. The low places and ruts men- 
tioned in the last report had been properly repaired. The surface 
was very smooth and well bonded. 

These experimental sand-clay roads have led, either directly or 
indirectly, to the construction of many similar roads in that part of 
the country. According to statistics gathered by the Office of Public 
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Roads and Rural Engineering, United States Department of Agri- 
culture, in 1914 Kansas alone had more than 750 miles of road sur- 
faced with sand-clay, which was almost three-fourths of the total 
mileage of improved roads in the State. It seems, therefore, that 
these experiments have served their purpose entirely, and they will 
not be reported on again. 


BOWLING GREEN, KY., 1907. 
KENTUCKY ROCK ASPHALT. 


The original report of this experiment was published in Circular No. 
89 and reports of subsequent inspections in Circulars Nos. 90, 92, 94, 
98, and 99, and Bulletins Nos. 105, 257, and 407 United States Depart- 
ment of Agriculture. The following report relates to the condition of 
the pavement on January 6, 1917. This work had not been repaired 
or cared for in any way since its construction. The failure of the 
surface was most marked in the west 150 feet. On the north side of 
this section the surface failed for one-third the width of the road and 
the remaining area was covered with holes. The next 150 feet had 
several large worn areas and numerous pot holes. The surface 
of the remaining portion still was intact and where the binder had not 
failed the surface was smooth and hard. Generally speaking, the 
condition of this experimental road would not warrant any repairs 
in the future. 

RESUME OF PREviouS REPoRTS. 


A series of experimental road sections were constructed in 1907, for 
the purpose of determining the fitness of Kentucky rock asphalt and — 
crude Kentucky oil on binders in macadam construction and also to 
determine the comparative value of a residuum oil preparation and 
crude oil as dust preventives. The following table indicates the 
method of construction and: shows the condition of experimental 
sections at the time of several inspections. The tabulation has been 
prepared from reports of inspections made by this office, published ~ 
in Circulars Nos. 89, 90, 92, 94, 98, 99, and in Bulletins Nos. 105, 257, 
and 407, United States Department of Agriculture. 
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DUST PREVENTION AND ROAD PRESERVATION, 1916. 


‘eT Joquleseq 
TON puoy 


*porvodde 
-SIp sey 4yeyd 
“se [je AT[vo 
Ty0v1d sooeyd 
uy ‘UorTiIp 
-109 UT osUBYo 
4eoIs ON “ODT 
-Ins UO 4411p 
jo uor}er~nuno 
-08 pues ‘ooUsH 


-O,UIVM ON 


“PI6T 


‘g Jaq UIOAON 


WOT}TpPUoD 


“10k OY} 
surmnp prder 
ojinb toeq sey 
UOTIVISO}UL 
“SIP yey} sur 
-MOYS ‘W0T}00S 
jo Jopuremor 
ul SuOTssoldop 
ee Suoljtpuo0d 
iyey Ur jie 
yInos tauo 
yey aoao qed 
-SB@ yo01 pues 
Ulom ATPBVq 


J1®y Wy10U 
puo 4som WOT 


900} 0G 104 


“pT6r ‘Gg Arenuee 


WOT} IPUo;) 


*M0T}00S JO o[p 
-PIUl 4% WAMOIO 
ul suorssordoep 
MOT[VYS oo1yy 
osrT@e 4 ,eyd 
-SW po}e1d0j UL 
-SIP :puo 4So. 
wmo1y ‘ATOAT 
-oodsal ‘100 GF 
pues ‘cz ‘g 48 
soovjd Udo 
Ilews 90144 
‘pomeder ox 
4ou DUO 4Svo 
ye ofoy ‘prey 
pue ‘qqoows 
yoequr AT[B 


-Ioues 9oRjINg 


“eT6r ‘OT Arenuer 


uoryIpuoy 


"1040 
“WIP UL 400} 
T qnoqe mou 
g10dor 4Set 
Ul pouorjueUr 
o[OY [[ ems 
‘punoqd [Jom 
‘qqoours AT 
-ITBJ ‘WAITS 


‘pivy ooBjing 


“TI6T 


“eZ 18qUIOAON 


WOH TPUoD, 


1 


*puo 10 
-4SBO THQI] 100J 
OOT OTOY [euUIs 
9u0 ‘siopynoys 
oIMIOSUL BUT 
-{RoIpUr ‘sespo 
MOTs YOOT 
Z@ ynoqe syn 
MOTTVYS J[VY 
104889 ‘ AT[B.IO 
-uos piey pus 
yjoomg (sur 
-poosoid + sAep 
OT 10y AOYQCOM 
BUIZ001J ITM 
SUIJeUIOY 


-[8 suyel 7ysIT) 


‘OT6T 


‘Tz 1equ1eseq, 


WOT ;PUoD 


*punog Aqq 819 
a10M Sou04S 
4nq ‘9u04s 
poysnio 0% 
sooejd ul uMop 
mi0om 4[eydse 
yor JO 9s.m0d 
evBjens ‘synt 
ou ‘qoedur0o 

ue ‘yqjoous 


use]d sovying 


*SUIRI 
Advoy 104j8 
“606T “ACW 
mor} puoD 


‘hy ‘uaay buynog 7» sjuamuadxy— TL AAV, 


‘OSN SIT WIOTy 
poureyqo sem 
4[nsol OU pue 
‘JoAvIs [ITM 
poi9A0d Wo0q 


pey wor400g 


“AT 
-TGS8ITS Pop}}0s 
pey slepynoys 
envy douo 4 {po 


-puog Apjooj.0d 


910M Ory 
soovyd [eus 
omg AT[UO 
url 3UIMOYS 
ouo0j}soWwtly] 
‘Sqn WIO1J 00.1} 
‘q400uIs 


606T ‘Arcnuee 


wOHTpuoD 


peoy 


*ropyurids 
AQVraei3 
ya porrdde 
‘paeA orenbs 
lod woyj[e3 
6'°0 OSVIOAB 
‘s]Io. [Vnprsor 
JO o1n}xrm 
‘Tro AA vOY 
yO W019 R9 
-1dde ‘umoyo 
VB[J 194 BI 
SPBOTJOA RIN — 
"woynuoued 120 | 189 


“BUTT[OI Ysno 
~104} Aq Poyst 
-uy ‘qyeqdse 
yoo. poysn.ao 
oury your 
-§, ‘q oousS 
0} 9900 poT[OL 
‘asooy + ‘ou04s 
-OUlTT (OUr-F 
‘oseq [OARBIs 
POTJTIBIS 
—qoydsy oor | age 


OO 
OTRO NgOD 
yeurs110 "ysueT 


Jo uoTJdT10seg 


BULLETIN 586, U. S. DEPARTMENT OF AGRICULTURE. 


78 


“GT6L 
‘eT eq mle00q 
MOLI puoy 


“PI6T 
*¢ INQWI9AON 
Ol} Ipuo,) 


“pI6L “G Arenuer 
TOT} Ipuoy, 


“SI6T ‘OT Arenuer 


Ory puoy 


“TI61 
‘ez JOqULOAON 
UOl}Ipuo) 


‘penulju0oj— hy “uaa buynog yo spuamuadxy— TL AIAV, 


“O16T 
1% Jeqm00eq 
TOT} IPUo,) 


*@ 10 


-Tdodxo sv omleg 


“paved 
erenbs 10d uoy 
-[e3 ZG'0 ‘08.10 
-AV “10 opniao 
‘ToL eorddy 
‘medo1 poos 
{400} 10d your 
T uey) or10ur 
ATV STIS UMOIO 
faseq p.LOJ[OL 
uO peor eps 
-OCI—'Wopo 


-IDUL U0 720 apn | 680 ‘T 


‘oAT}UOAOIE 
ysnp Areiod 
-ulo} [NJssoo 
-ons 8 S@ pojow 
[ro ‘g10do02 
0} SUIp.ODDy 
“qgu01iedde 
[10 JO 00817. 0 
“yo0yo AIBIO 
-m10} ATUO jo 


TIO Opnio JO os) 


“SUICI 
AAvoY 108 
‘6067 “ABW 
UOT} pao; 


‘606T ‘Arenues 
mor Tpuoy) 


‘pared orenbs” 
Jod wo][es $8°0 
‘QstIOAW [LO 
epnia ‘mor 
-eoyddy 3 
TOLO0S SB OSBq 
euleg—7a0nIb 
uo 720 


“LO6T 
‘mor1jonI14Ssu0d 
[@UIs110 
jo uondraoseq 


apni9 | c1Ee‘e 


“pay 


“y)8u0T 


g 


‘ON 

queuLr 
-l10d. 
“XO 


UNITED STATES DEPARTMENT OF AGRICULTURE 


Joint Contribution from the Bureau of Plant Industry 
WM. A. TAYLOR, Chief, and the Bureau of 
Markets, CHARLES J. BRAND, Chief 


Washington, D. C. ¥v September 8, 1917 


THE HANDLING AND STORAGE OF APPLES IN THE 
PACIFIC NORTHWEST. 


By H. J. Ramsey, Pomologist in Charge, Fruit Handling and Storage Investiga- 
tions; A. W. McKay, formerly Pomologist, and BH. L. MARKELL and H. 8. Brrp, 
formerly Scientific Assistants, Office of Horticultural and Pomological Inves- 
tigations.* 
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IMPORTANCE OF COLD STORAGE. 


According to the census reports of 1910 there were at that time 
6.044,918 apple trees of bearing age and 8,643,228 apple trees of non- 
bearing age in the States of Oregon, Washington, and Idaho. The 
production in bushels for 1909 is given as 5,262,985, as compared with 
1,826,620 bushels 10 years before. In 1913 the apple crop for the 
four counties of Chelan, Douglas, Okanogan, and Grant, in the 
State of Washington, was conservatively estimated at 4,328 carloads. 


1B. B. Pratt, formerly Pomologist; C. W. Mann, Pomologist; K. B. Lewis, formerly 
Scientific Assistant; George W. Dewey, W. C. Quick, V. W. Ridley, Carl E. Schuster, and 
E. D. Vosbury, Scientific Assistants in the Office of Horticultural and Pomological Invyes- 
tigations, were actively engaged in the prosecution of these investigations at various times 
during the period covered by the work. 


Note.—The fruit and vegetable handling, transportation and storage investigations 
formerly administered in the Office of Horticultural and Pomological Investigations, 
Bureau of Plant Industry, are now being prosecuted jointly and cooperatively by the 
Bureau of Plant Industry and the Bureau of Markets. 
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This is approximately equal to the 2,672,100 bushels which, according 
to the census, comprised the entire apple crop of the whole State of 
Washington in 1909. The production has increased greatly, not only 
in the counties mentioned but also in Yakima, Spokane, Klickitat, 
and other counties in Washington, in the Hood River and the Rogue 
River valleys of Oregon, in eastern Oregon, in the Bitter Root Valley 
of Montana, and in southwestern Idaho. 

The total car-lot shipments of apples from the four States of 
Oregon, Washington, Idaho, and Montana for the 1915-16 ship- 
ping season amounted to approximately 11,166 cars. The total car- 
lot shipments from these States for the shipping season 1916-17 to 
March 19, inclusive, amounted to 16,625 cars. The shipments of 
apples still in storage at that time would increase this amount 
considerably. 

The proportion of each year’s crop from these States that is placed 
in cold storage, either at points of production or in the East, is some- 
what difficult of determination. The actual storage holdings neces- 
sarily will fluctuate each season with the production, market condi- 
tions, and prices. In 1911 something over 225,000 boxes were held in 
either common or cold storage in the three States first mentioned, as 
compared with almost 1,000,000 boxes in cold storage in 1914. These 
figures are indicative of the increasing importance of cold storage in 
the successful distribution and disposal of the northwestern apple 
crop. No reliable figures are obtainable regarding the amount of the 
crop produced in the Northwest and stored in Middle Western and 
_Eastern States during the last few years. Storage facilities in the 
producing States of the Pacific Northwest are adequate for only a 
small proportion of the crop. As a considerable proportion of the 
production consists of late fall and winter varieties, it is obvious that 
by far the greater portion of the crop must be held in storage for 
shorter or longer periods either in the producing States or in the 
East and Middle West. Whether these holdings are the property of 
the growers, the shippers, or the buyers does not minimize the im- 
portance of cold storage in the profitable production and disposal of 
the northwestern apple crop. 

The rapid increase in acreage and production of apples in the 
Northwestern States has made the wide distribution and profitable 
marketing of the northwestern apple crop a problem second in 1m- 
portance only to the successful growing of the crop. Cold storage 
permits a wider and more equitable distribution of apples than is 
possible when it is not employed, and it extends the season during 
which apples may be marketed in good condition. Any system which 
aims at an equitable and economic distribution of the northwestern 
apple crop must employ cold-storage facilities for the successful 
preservation for a longer or shorter period of a considerable pro- 
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portion of the crop. It is therefore of the utmost importance that 
growers, shippers, warehousemen, and all others concerned in the 
growing, transportation, or marketing of the apple crop know accu- 
rately and definitely (1) what constitutes proper storage facilities, 
and (2) how the fruit should be handled, both in harvesting and in 
storage, in order that it may possess when marketed and offered to 
the consumers the maximum of good condition and quality. 

Jnless the apple crop can be successfully held in good condition 
until it reaches the consumer, all other questions and factors are 
negligible. 

| FUNCTION OF COLD STORAGE. 


For a proper understanding of the behavior of apples in storage 
it must be kept clearly in mind that the apple, like all fruits, is a 
living organism and that its life cycle, which begins in the blossom, 
ends under natural conditions in the death and decay of the fruit. 
When the fruit is picked from the tree its life processes do not stop. 
On the contrary, at ordinary temperatures, they continue as rapidly 
or possibly even more rapidly than before. The function of cold 
storage is primarily to retard these life processes. Its purpose is also 
to retard and prevent the germination of spores of fungi which cause 
the fruit to decay, and to prevent the development of skin blemishes. 
For this purpose a temperature of between 31° and 32° F. is consid- 
ered standard for the apple. No temperature, however, which will 
not seriously injure the fruit by freezing can entirely check its ripen- 
ing processes or the growth of all fungi which cause decay. It is 
obvious, therefore, that fruit allowed to become overripe prior to 
storage can never regain in cold storage the quality and vitality it 
has lost. Neither can cold storage prevent the final decay of fruit 
already infected with decay fungi. Since cultural and handling 
methods largely determine the condition of the fruit when it is 
stored, the first responsibility for its successful storage lies with the 
grower and shipper. 


EXPERIMENTS OF THE UNITED STATES DEPARTMENT OF 
AGRICULTURE. : 


In 1911 the Bureau of Plant Industry began an investigation of 
factors governing the behavior of northwestern apples in cold stor- 
age. Fruit for this purpose was obtained from the Rogue River 
and Hood River valleys of Oregon, and from the Yakima and 
Wenatchee sections of Washington. A considerable amount, also, 
was obtained from other sections in Washington, Idaho, and Mon- 
tana. Between 500 and 600 boxes of apples were used each season 
in the experiments, and as each box was picked and packed by a 
bureau representative or under his immediate supervision, it has 
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been possible to obtain an exact history of each box stored and also 
a record of the soil in which it was grown, the condition of the trees, 
and the cultural methods pursued. 

Although the investigations have been comprehensive in scope, so 
many factors affect the behavior of fruit in storage that the data 
obtained are still too limited to justify a complete report or definite 
recommendations with reference to all the factors involved. Cer- 
tain important practices, however, have been shown to have such a 
consistent and important bearing on the successful storage of north- 
western apples that it is believed advisable to present to the industry 
at this time the data obtained. No attempt is made to discuss all 
phases of the problem. The discussion is limited largely to those 
factors of first importance to the industry on which it has been pos- 
sible to secure reliable and consistent data over a period of four 
years. 

The data given cover in most cases the seasons 1911-12, 1912-13, 
1913-14, and 1914-15. 


OUTLINE OF EXPERIMENTS. 


(1) A determination of the influence of maturity at time of pick- 
ing on the keeping quality of the more important varieties grown in 
the Northwest. 

Two pickings from the same trees were made 20 days apart. Fre- 
quently an additional pick was made between these two. The first, 
or immature, pick was made at the beginning of the commercial 
picking season for the variety. The last, or mature, pick was made 
20 days after the first, usually a few days later than the last com- 
mercial picks. These lots, comparable in every other respect, were 
stored immediately at a temperature of between 31° and 32° F. All 
fruit was stored in Portland, Oreg. Careful inspections were made 
four times during the winter, beginning in all but the early varieties 
about the first of January and continuing at intervals approxi- 
mately six weeks apart. One-fourth of each lot was taken out of 
storage at each withdrawal, inspected, and held in an ordinary ware- 
house room for 10 days. It was then inspected again and discarded. 
The temperature of the fruit during these 10-day periods varied with 
the season and climatic conditions, but was usually between 50° and 
60° F. 

(2) A study of the effect of delaying the storage of certain 
important commercial varieties on their behavior in storage. 

For this purpose several boxes of a variety were picked and packed 
at the same time. Half of each series was placed in cold storage as 
soon as possible, usually not more than two days from the time of 
picking; the other half was held two weeks in a grower’s or shipper’s 
warehouse before being placed in cold storage. The first lot was 
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designated “ Immediate”; the second, “ Delayed.” Both lots were 
stored at 31° to 32° F. and inspected four times during the winter, 
as in the case of the fruit for the maturity tests. 

(3) A determination of the effect of storage temperatures on che 
keeping quality of several varieties. 

For this purpose a certain number of boxes of a variety were se- 
cured from the same orchard on the same day, and, as in all the ex- 
periments, care was taken to secure as nearly as possible the same type 
and grade of fruit. Part of each lot was stored immediately at a tem- 
perature of 31° to 382° F., and the remainder was also stored imme- 
diately at 35° to 36° F. During the seasons of 1912-18, 1913-14, and 
1914-15 a limited number of boxes were stored in air-cooled storage 
houses at Hood River, Oreg., Payette, Idaho, and other points, while 
comparable lots of the same varieties were held at temperatures of 
32° and 35° F. The system of inspection was similar to that followed 
for the maturity tests. 

(4) A study of the keeping quality of different varieties grown 
and handled under ordinary commercial conditions and stored im- 
mediately at 31° to 32° F. 

These experiments included nearly all varieties of importance or 
of promise as storage varieties grown in the three principal sections 
where work was done. A few varieties were included which, though 
not widely distributed, seem to possess very good keeping quality. 

Tn addition to the above factors, tests were made of fruit grown on 
old and young trees, of poorly colored and well-colored fruit, of large 
and small fruit, of fruit from different soil types, of fruit grown 
under irrigation and without irrigation, and under cover crop and 
clean-culture conditions. Other experiments were conducted to de- 
termine the effect of dipping fruit in various fungicidal solutions or 
spraying it with a fungicide after picking as a means of controlling 
‘anthracnose decay and apple scab. The effect of water core and dry- 
rot on the keeping quality of the fruit has also been studied. 


TROUBLES AFFECTING APPLES IN STORAGE AND FACTORS IN 
THEIR CONTROL. 

It must not be assumed that the conditions discussed under “ Func- 
tion of cold storage ” entirely prevent storage troubles, for at no tem- 
perature and under no known condition is it possible to check entirely 
the physiological changes and ripening processes: or the development 
of fungous decays without destroying the value of the fruit. Few 
varieties of apples will keep in perfect condition even in cold storage 
more than a few months, and varieties that will hold in good condition 
during a long storage season are decidedly valuable. 

The troubles that affect northwestern apples in storage may be 
divided for this discussion into two main groups: (1) Those that 
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affect only the external appearance of the fruit and are usually desig- 
nated as skin blemishes and (2) those that injure the flesh of the 
fruit and are known as decays. Only those of considerable economic 
importance to the successful storage of northwestern apples will be 
described. For the sake of convenience in reference the most im- 
portant factors governing the development and prevention of these 
various troubles in storage are briefly discussed here. The recom- 
mendations made are based on investigational results and also on com- 
mercial experience if such experience is available and considered 


reliable. 
SKIN BLEMISHES DEVELOPING IN STORAGE. 


The most important skin blemishes are (1) scald, (2) Jonathan 
spot, (3) soft scald, (4) scab, and (5) bitter-pit; but there are others 
which are omitted because of their infrequent occurrence and relative 
economic unimportance in the Pacific Northwest. The importance of 
skin blemishes can not be overestimated, especially in the marketing 
of a crop such as the Pacific northwestern apple crop. It is safe to 
say that more than 25 per cent of all northwestern apples in cold stor- 
age are seriously affected by skin blemishes. 


FACTORS AFFECTING THE DEVELOPMENT OF SCALD IN STORAGE. 


Scald isthe most prevalent and most serious of the skin blem- 
ishes. It is a browning or blackening of the skin that does not 
extend into the flesh, but gives the fruit a scalded or baked appear- 
ance. Naturally this greatly lessens its commercial value. Plate 
II illustrates its appearance on Rome Beauty. Commercially scald 
can not be controlled absolutely, but through proper care in har- 
vesting and storing it can be reduced greatly, and in this connec- 
tion the following results of the experimental work are important: 

(1) Striking differences are found in the susceptibility of varie- 
ties to scald. Probably no variety is absolutely immune. Rainier, 
Northern Spy, Jonathan, Hyde King, Esopus, and Missouri are 
comparatively so, while the Arkansas, Rome, Wagener, and others 
often develop an undue amount. Between these extremes come most 
of the more commonly grown varieties, and the susceptibility of 
these to scald varies greatly under the different conditions described 
below. 

(2) There is a very appreciable decrease in the amount of scald 
on apples stored immediately as compared with those stored after 
a delay of two weeks. The amount of scald on the fruit stored imme- 
diately and that delayed two weeks before storage varies greatly 
with the weather conditions to which the delayed lots are subjected, 
and in cold weather there may be but little difference. 

(3) Apples held at 32° F. seald slightly less than those stored at 
35° F. or in common storage. 


Bul. 587, U.S. Dept. of Agriculture, 1916. PLATE | 


R.C STEADMAN DEL. A HOEN &CO 


ROME BEAUTY APPLES OF NORTHWESTERN PRODUCTION PICKED TOO EARLY. 
- FOR HOLDING SATISFACTORILY AT NORMAL STORAGE 1 EMPERATURE OF 
32° F. FOR A SIX-MONTHS’ STORAGE PERIOD. 
Fruits like the one in the upper figure, with a viyid leaf green area on the shaded side, are 


too immature for satisfactory storage, even though there is considerable color on the 
sunny side. 


Cross section of a fruit at the same stage of maturity is shown in the lower illustration. 
The green color is apparent ip the flesh, 


(From Yearbook U. S. Dept. of Agriculture, 1916.} 
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R.C._STEADMAN, DEL. A.HOEN & CO 


“ 


RESULTS OF HOLDING ROME BEAUTY APPLES, AT THE STAGE OF MATURITY 
INDICATED IN PLATE |, AT 32° F. FoR SIX MONTHS. 


External browning characteristic of fruits picked before the leaf green in the skin had 
disappeared and held in storage six months is illustrated by the upper figure, 


The cross section of the same fruit shows that several layers of cells immediately below the 
skin, as well as the cells of the skin itself, have ceased to function and have become 


discolored. 
(From Yearbook U. S. Dept. of Agriculture, 1916.) 


ay 
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R_C.STEADMAN, DEL. A.HOEN &CO. 


ROME BEAUTY APPLES OF NORTHWESTERN PRODUCTION HARVESTED AFTER 
THE LEAF GREEN HAD DISAPPEARED AND THE TRUE YELLOW OF THE 
NORMAL GROUND COLOR FOR THE VARIETY WAS DISCERNIBLE. 
Absence of leaf green, the presence of white, and light yellow in its place—true signs of 
picking maturity in this yariety—are shown in the upper figure. 


Cross section of the same fruit from which the green tint in the skin as well as in the flesh 
has disappeared. 


(From Yearbook U. S. Dept. of Agriculture, 1916.) 
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R.C STEADMAN DEL. A.HOEN &CO. 


ROME BEAUTY APPLES OF THE SAME STAGE OF MATURITY AS THOSE SHOWN IN 
PLATEII, AFTER HAVING BEEN HELD SIX MONTHS IN COLD STORAGE 
AT A TEMPERATURE OF 32° F, 


No loss of color or discoloration, but the deepening of the yellow in the ground color due 
to progress of the ripening process, is shown in the upper figure. 


The cross section of the fruit, shows no discoloration, but rather an increase in the yellow 
tint in the flesh, characteristic of the maturing of the variety. 


(From Yearbook U. 8. Dept. of Agriculture, 1916.) 
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(4) Of even more importance than the comparative susceptibility 
of varieties is the relation of time of picking to scald. The amount 
and severity of scald in immaturely picked apples in cold storage 
are often enormous. As the picking season advances and the fruit 
matures and colors, the damage decreases, until at near full maturity 
the scald is comparatively slight. Plates IT and IV illustrate the 
effect of scald on Rome Beauty picked immaturely and at proper 
maturity after having been out of cold storage for almost three 
weeks. Plates I and III represent the general appearance of these 
same lots of apples at the time of picking. In the immaturely 
picked fruit very severe scald is followed by physiological decay. 
The intermediate lots have severe scald, but no physiological decay, 
while the apples picked at maturity show no scald whatever. Table 
I gives the average percentage of scald in six varieties of apples 
picked immaturely and at proper maturity upon their withdrawa 
from storage and also 10 days later. Plate II shows that the scald 
is confined principally to the uncolored portions on even the imma- 
ture apples. Severe scald is seldom found on well-colored fruit. 

Apples do not usually scald as badly in cold storage as in common 
or air-cooled storage houses. On withdrawal, however, scald may 
advance rapidly, and an apple that is perfect on withdrawal from 
cold storage may in a few days become worthless. Table I, except 
in the case of Rome Beauty and Arkansas Black, strongly empha- 
sizes this point. It should be noted, however, that the apples picked 
at proper maturity are comparatively free from scald, both in storage 
and after withdrawau. 


FACTORS AFFECTING THE DEVELOPMENT OF JONATHAN SPOT IN STORAGE. 


While affecting Jonathans principally, Jonathan spot is one of the 
most serious and important skin blemishes, as Jonathans are grown 
very extensively in all the Northwestern States and this variety is one 
of the leading commercial sorts in this region. This trouble appears 
as a small brown or black spot in the skin, usually one-sixteenth to 
one-quarter of an inch across and more or less rounded. Jn later 
stages it may enlarge somewhat and sink slightly. The flesh beneath 
is seldom injured more than a darkening of the layers of cells next to 
the skin. When severe, these spots are found scattered thickly over 
the whole surface of the apple, greatly reducing its market value. 

(1) No other varieties are severely affected. by Jonathan spot, 
although it develops occasionally on Esopus, Rome Beauty, and others. 

(2) The spots on apples delaved two weeks or more before storage 
are usually considerably more numerous and severe than on those 
stored immediately after picking. 

(3) While the difference is not as striking as between immediate 
and delayed storage, there is considerably less Jonathan spot on 
apples stored at 32° F. than on comparable lots stored at 35° F. 
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(4) While the data regarding the influence of time of picking on 
Jonathan spot are rather inconclusive, they indicate that it has little 
er no influence on its occurrence. 

Jonathan spot, like scald, develops much more rapidly after with- 
drawal than in storage, though the increase is not as marked as in 
the case of scald. It is an interesting fact that some lots of Jonathans 
are severely affected by Jonathan spot, while others apparently 
identical in every other way are entirely free or nearly so. 


FACTORS AFFECTING THE DEVELOPMENT OF SOFT SCALD IN STORAGE, 


Soft scald varies greatly in importance and severity in different 
years. None of the experiments so far has led to any definite conclu- 
sions. Jonathan, Blue Pearmain, and Wealthy seem to be particularly 
susceptible and are often rendered worthless in storage because of 
soft scald. Soft scald varies from small spots an eighth of an inch or 
less across to large areas that sometimes include the whole surface of 
the apple. The scalded area is light brown, becomes markedly sunken, 
is distinctly margined, and the flesh beneath turns brown and softens 
somewhat. In severe cases this condition may extend well into the 
flesh. The cause of soft scald is not definitely known, and there seems 
at present to be no way of preventing it. 

As with the Jonathan spot, in one lot nearly every apple may be 
affected, while in others apparently no soft scald is found. Soft 
scald increases rapidly after withdrawal from cold storage, and fruit 
that is slightly affected when withdrawn may soon become worthless. 
There is usually more soft scald in apples delayed before storage than 
in apples stored immediately. On Jonathans the severity of soft 
scald increases rapidly after withdrawal from cold storage, and fruit 
severe on apples known to have been cooled to temperatures below 
32° KF. There are also indications that the trouble is related to box 
bruising or bruising resulting from very tight packing. 


FACTORS AFFECTING THE DEVELOPMENT OF SCAB IN STORAGE, 


Scab is another serious skin blemish, differing from the forms 
previously mentioned in that it is a fungous disease and can be quite 
effectively controlled by proper spraying while the fruit is on the 
tree. This serious trouble often develops at a temperature of 32° F. 
on fruit apparently free from scab when stored. The orchard treat- 
ment of the crop must be such as to insure a product free from scab 
for storage, for it can not be controlled by spraying or by dipping 
in a fungicidal solution after the apples are picked. Preventive 
measures must be taken by the grower and can be taken by him 
alone. This again emphasizes the importance of good orchard sani- 
tation, not only to maintain the vigor and health of the trees but 
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also to preserve the quality and appearance of the fruit in storage. 
Because of its nature, scab is more conspicuous on yellow and green 
varieties than on red ones. There are few, if any, varieties that 
are entirely immune from the disease. As is the case with all fungous 
troubles affecting apples in storage, immediate storage and prompt 
cooling are of some value in reducing the injury, but the main reli- 
ance for its control must necessarily depend on proper spraying.? 


FACTORS AFFECTING THE DEVELOPMENT OF BITTER-PIT IN STORAGE, 


Occasionally bitter-pit causes serious losses in storage and in the 
Pacific Northwest is frequently confused with fruit-spot and. stig- 
monose. The fungous fruit-spot of the East is probably not present 
in the Pacific Northwest. Stigmonose, however, is common in this 
section and is very hard to distinguish from bitter-pit. The presence 
of a minute puncture in the skin over the affected area is sometimes 
the means of identifying stigmonose. The spots of the bitter-pit 
are usually visible on the surface as dark, slightly sunken areas one- 
eighth to one-third of aninch in diameter. __ 

Many affected fruits are sorted out at packing time, but as they 
are hard to recognize and the pits often develop in storage, the 
trouble is not eliminated thereby. No effective methods of control 
have been suggested, as up to the present time the cause is not defi- 
nitely known. It does not appear to be due to any organism, but is 
said to be caused by an unbalanced condition existing in the tree or 
parts of the tree that prevents the proper development of the fruit. 
Some varieties, such as Baldwin, Yellow Newtown, and others, ap- 
pear to be particularly susceptible to the disease. It would not seem 
advisable to store apples for first-class trade from orchards where 
a high percentage of the fruit is thus affected. The disease mars the 
attractiveness of the fruit and renders it unfit for other than culinary 
use, but it does not appear seriously to affect its keeping qualities. 


TYPES OF DECAYS DEVELOPING IN STORAGE. 


The decays affecting apples in cold storage may be divided into 
two general classes: (1) Physiological or natural death decay of fruit 
which has reached the end of its life; (2) fungous or bacterial decays 
or those caused by the growth of some organism in the tissue of the 
fruit. These again may be divided into two general classes: (1) 
Parasitic fungi, those that have the power of penetrating the sound 
unbroken skin of the fruit, and (2) saprophytic fungi, those that 
ordinarily do not penetrate the skin unless it is injured, broken, or 
in a weakened condition. 


17The various State experiment stations and the United States Department of Agricul- 
ture give concise directions for effective methods .of scab control. Any failure properly 
to control scab under normal conditions is usually because the grower did not spray 
thoroughly or at the proper time. 
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FACTORS AFFECTING THE DEVELOPMENT OF PHYSIOLOGICAL DECAY IN STORAGE. 


Physiological or old-age decay is shown in Plates IIT and YII. 
All fruit, if not otherwise destroyed, eventually decays physiologi- 
cally when it has passed through certain natural changes. It is es- 
sential to successful storage that these changes or ripening processes 
be retarded, as this is the fundamental principle upon which the cold 
storage of all fruits is based. 

(1) Soundness of fruit—One of the most important considera- 
tions in the control of physiological decay in storage is the selection 
of sound fruit of naturally long-keeping varieties. Such varieties 
as Rainier, Winesap, Arkansas Black, and Yellow Newton will, as 
is generally known, keep in good condition much longer than Grimes, 
Jonathan, and McIntosh. 

(2) Immediate storage compared with delayed storage—The 
promptness with which the fruit is stored and cooled after it is picked 
is the most important single factor in retarding physiological de- 
cay. After the apples are picked, a few days in the orchard or pack- 
ing houses may greatly shorten their cold-storage life, especially if 
the weather is hot and the fruit is left in a warm place. Plates VI 
and VII show the condition of Jonathan apples as regards ripeness 
and maturity when stored immediately after picking and when de- 
layed fer two weeks before storage. There was no difference in 
treatment or handling except for the delay of two weeks in the 
grower’s packing house before storing in the case of the apples 
shown in Plate VII. The life in cold storage of the immediately 
stored apples illustrated in Plate VI was at least a month longer 
than that of the delayed, Plate VII. There are few factors of greater 
importance than prompt cooling and storage in successfully prolong- 
ing the storage life of apples. 

(3) Storage at 32° and 35° F.—In principle and results the storage 
of apples at a temperature of 35° F. is comparable with delayed 
storage, 1. e., the slower the cooling and the higher the temperature 
at which the apples are held, the more rapidly will they ripen and 
death decay set in. Table IV gives the percentage of decay in com- 
parable lots of apples stored at the two temperatures. 

(4) Apples picked while immature compared with those picked at 
maturity.—Despite the fact that death decay is primarily the result 
of the completion of the life processes, it does not follow that apples 
picked previous to maturity will keep longer than fruit picked at 
maturity. Apples picked when immature, as previously noted, are 
usually very susceptible to scald. Severe scald is in turn very fre- 
quently followed by a peculiar type of physiological decay of the 
flesh directly beneath the scalded area. Plate II shows very clearly 
this type of physiological decay on a Rome Beauty. 
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E. |. SCHUTT owe A. HOEN & CO, 
NORTHWESTERN-GROWN Esopus PICKED TOO LATE FOR HOLDING SATISFAC- 
TORILY AT NORMAL STORAGE TEMPERATURE OF 32° F. FOR A 

THREE AND ONE-HALF MONTHS? PERIOD. 
Picking at oyer-maturity is fully as serious as picking immaturely. 


losses in varieties like Esopus, King David, and Jon 
time of harvesting. 


Most serious storage 
athan, are due to over-maturity at 


Ns 
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E, 1. SCHUTT A. HOEN & CO, 


NORTHWESTERN-GROWN JONATHANS IMMEDIATELY AFTER HARVESTING, WHEN 
WITHDRAWN FROM THREE MONTHS? STORAGE AT A 
TEMPERATURE OF 32° F. 
Fruits like the above picked at the same time as the apple shown in Plate VII are still in 
prime condition and were held in storage for a month longer in perfect condition. 


/ 
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E. 1. SCHUTT ee A. HOEN & CO, 


NORTHWESTERN-GROWN JONATHANS DELAYED SEVERAL DAYS BEFORE BEING 
PLACED IN STORAGE WHEN WITHDRAWN FROM THREE MONTHS’ 
STORAGE AT 32° F. 


Fruits like the above,picked at the same time as the apple shown in Plate VI, are obviously 
too ripe even for immediate consumption, and entirely worthless for further storage. 
The delay of a few days prior to storage lessens oftentimes the length of time during 
which they can be held in storage by one or two months and seriously affects their 
flayor, quality, appearance, and market value. 
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(5) Overmaturity—On the other hand, overmaturity is usually 
more disastrous than immaturity. It is practically the same as ex- 
cessive delay, discussed under “ Immediate versus delayed storage.” 
The fruit has received all of its sustenance from the tree, and the 
ripening and life processes continue rapidly, especially in fruit ex- 
posed to the sun. Overmaturity is often responsible for the early 
decay of Esopus (Spitzenberg), King David, Jonathan, and others. 
During the season of 1914-15 more apples from various sections of 
the Northwest decayed early in the season from this cause than from 
any other. Table IT gives a comparison of decay in Esopus picked 
at maturity and when overmature. The effect of overmaturity is 
well illustrated in Plate V. 

(6) Water-core—The cause of water-core is as yet unknown. 
Many theories are offered, but none seems satisfactory. Water-core 
is often largely responsible for early physiological decay. In stor- 
ing such varieties as King David and Tompkins King it is advisable 
to be certain that little or no water-core is present, as water-cored 
fruit of these varieties usually decays early. In apples of firm flesh, 
such as Winesap and Yellow Newtown, in which the water-cored area 
is normally much smaller, the effect is not so severe. However, even 
in these varieties water-cored fruit should ordinarily not be held as 
long as that which is not affected. At best its storage is somewhat 
of a risk. 

(7) Bruising —Ilt is at the bruised or weakened part of an apple 
that physiological decay first gets a start. Severe bruising not only 
injures the appearance but shortens the life of the fruit. 


FACTORS AFFECTING THE DEVELOPMENT OF PARASITIC FUNGI IN STORAGE. 


Of the parasitic fungi, northwestern anthracnose (@locosporium 
malicorticis Cordley) is the only one at present of any great com- 
mercial importance. It may cause the decay of fruit in storage that 
is apparently sound at packing time, spreading rapidly from apple 
to apple and occasionally affecting all the fruit in a box. 

Northwestern anthracnose begins as a minute tan-colored spot in 
the skin that spreads rapidly in warm, moist conditions over a large 
area and extends into the flesh. Usually several spots appear on 
each affected apple. They are round or oval and often grow to-- 
gether as they increase in size. Both skin and flesh are light brown 
and are nearly odorless and tasteless. Occasionally small pustules may 
be seen on the surface. Ata late stage white spore masses on the sur- 
face are not uncommon and the skin may break. Immediate storage 
is of some value in delaying the period of development. Time of 
picking, color, and careful handling play little or no part in control. 
Neither does dipping the fruit in a copper-sulphate solution before 
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packing prevent attack. The decay spreads very rapidly after with- 
drawal from storage. The control of northwestern anthracnose must 
necessarily lie in proper orchard sanitation practices. . 


FACTORS AFFECTING THE DEVELOPMENT OF SAPROPHYTIC FUNGI IN STORAGE. 


Blue mold stands out above all other fungi of this class in impor- 

tance. Although it is the most common fungous enemy of northwest- 
ern apples in storage, it is fortunately one that can be controlled 
almost entirely. In the field and in storage this fungus gains en- 
trance through any broken or weakened portion of the skin. It is 
easily recognized by its distinctive odor, and in its later stages by an 
abundance of small tufts and masses of green spores on the infected 
areas. 
(1) The resistance of varieties to blue mold bears a direct relation 
to toughness of skin and length of stem. Varieties with tender skins 
and long stems with which other apples in the box may be punctured 
are likely to be most susceptible to blue mold. 

(2) The higher the temperature, the faster the development of the 
fungus. For this reason, immediate storage is better than delayed, 
and 32° F. is better than 35° F. 

(3) Because of the weakening effect of severe scald, immature or 
poorly colored fruit is Seeeionaily more susceptible to tue mold ene tn 
well-colored apples. 

(4) Careful handling is the fundamental factor in the control of 
blue mold. It is seldom that an infection can not be traced to some 
injury of the apple that could have been prevented. 


RESULTS OF THE EXPERIMENTS. 


The importance of good orchard sanitation in preventing the 
development of storage rots and skin blemishes has already been 
pointed out. As a matter of fact, the grower’s responsibility goes 
back even farther. He more than any other single individual in- 
fluences the keeping quality of his fruit in storage, since by his 
orchard practices he is directly responsible for its quality, vitality, 
and freedom from disease. Only gross negligence on the part of the 
shipper or warehouseman can nullify the effect of good cultural and 
sanitary orchard practices. On the other hand, if fruit is poorly 
grown or is diseased the utmost care on the part of the warehouse- 
man can not prevent the premature development of storage troubles. 

Assuming, then, that one has well-grown and well-developed ap- 
ples, free from disease, the important steps in the successful storage 
of this fruit are as follows: 


1Jnformation regarding pruning and spraying practices for the control of north- 
western anthracnose can be obtained from the experiment stations in the various States. 
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(1) Picking at a proper maturity. 
(2) Care in all handling operations. 
(3) Prompt storage. 

(4) A proper storage temperature. 


MATURITY AT THE TIME OF PICKING. 


Table I gives the average percentage of serious storage troubles 
found in Rome Beauty, Winesap, Yellow Newtown, Stayman Wine- 
sap, Ortley, and Arkansas Black when picked at and somewhat before 
full maturity. These include “bad scald,” the term used to desig- 
nate scald that is serious enough to detract from the commercial 
value of the fruit, and physiological and fungous decays. Other 
storage troubles are noted as they appear in the various lots. The 
results given for Yellow Newtown and Rome Beauty are an average 
of the data obtained during the four seasons the work has been 
carried on. The Winesap results are an average of three seasons’ 
experiments, 1912-13, 1913-14, and 1914-15. The Stayman Winesap 
and Ortley data cover but two seasons, while the data for Arkansas 
Black are for one year, but include several lots. 

No definite statement can be made regarding the commercial pick- 
ing dates of a variety. Yellow Newtown, Rome Beauty, and Wine- 
sap may usually be harvested any time between the latter part of 
September and first of November, depending upon seasonal condi- 
tions and the degree of maturity desired. Great variation in the 
time at which apples mature is also caused by the age of the trees, 
the soil, cultural conditions, elevation, and the site of the orchard. 
In general, the immature pickings of these varieties were made 
during the last two weeks of September and the mature pickings 
from October 2 to October 20. 

The first three sections of Table I and Plates I and IT show the 
injurious effect of immature picking clearly enough to require little 
discussion. In Rome Beauty (Table I) at the third withdrawal 
from storage, March 31 to April 2, the immature fruit developed 
more than 48 times as much bad scald in storage as the mature fruit. 
Even at the last withdrawal, May 4 to 11, there was 17 times as much 
bad scald in the early as in the mature picking. These figures, it 
must be remembered, are not the results of a single experiment, but 
the average of several experiments covering a period of four years. 
The results with Winesap (Table I) are equally striking. It is 
reliably estimated that several thousand dollars are lost to the in- 
dustry each year by premature pickings of these two varieties alone. 
As the first pickings were made no earlier than a considerable portion 
of the same varieties are picked commercially, the necessity for strict 
attention to this point is plainly evident. 
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TasLtE I.—Comparison of mature and immature apples with regard to the per- 
centage of bad scald and decay at withdrawal from storage and with regard 
also to the total percentage after a holding period of 10 days under market 
conditions, the time in storage at first withdrawal being three to three and 
one-half months. 


ROME BEAUTY (FOUR-YEAR AVERAGE). 


First withdrawal, 


Second withdrawal,| Third withdrawal, | Fourth withdrawal. 


10 days later....- 


Jan. 8 to 12. Feb. 16 to 19. Mar. 31 to Apr. 2. May 4 to 11. 
Condition. 5] 
Tmma- Imma- Tmma- Imma- 
Mature eae Mature. ire Mature. Ine. Mature. ive 
Bad scald: 
At withdrawal... 0 0 0 20.5 1.0 48.9 325 53.9 
10 days later. .... ity 49.9 5.4 70.5 10.4 81.5 17.8 81.6 
ecay: 
At withdrawal... 0 gil 0 0 0 ED et 4 
10 days later .... a2 .6 72 0 1.6 9.8 Pot! 18.0 
WINESAP (THREE-YEAR AVERAGE). 
Bad scald: 
At withdrawal... 0 0.1 0 7.6 Ove} 15.5 0.6 155 
10 days later. ._.. 0 9.6 a2 13.9 Bee Pas, 7 11.3 33.5 
Decay: | 
At withdrawal... 0 0 33) .3 Ab) .3 ~5 «6 
10 days later... -- mol au .3 0 8 25 Al 57 
| 
YELLOW NEWTOWN (FOUR-YEAR AVERAGE). 
| 
Bad scaid: ? 
At withdrawal... 0 0 0 0 0 0.5 QA 0 
10 days later. .... 0 1.8 2.1 HERS 1 1.0 14.8 19.8 
Decay: 
At withdrawal. -- 0 0 0 0 0 0 0 a9) 
10 days later. ..-- 0 0 0 2 0 0 2.0 2.6 
STAYMAN WINESAP (TWO-YEAR AVERAGE). 
First withdrawal, |Second withdrawal,| Third withdrawal, | Fourth withdrawal, 
Jan. 14 to 18. Feb. 25 to 28. Mar. 31 to Apr. 2. May 7 to 11. 
Condition. 
TImma- Imma- Imma- Imma- 
Mature. STH. Mature. icra, Mature. TTI). Mature. “Sine. 
Bad scald: 
At withdrawal... 0 Tl 8.9 84.3 39.4 86.1 41.0 91.8 
10 days later-...- 11.4 87.5 36. 6 92.8 51.6 90. 2 65.1 92.6 
ORTLEY (TWO-YEAR AVERAGE) 
Bad scald: 
At withdrawal... 0 0 4.0 6.6 9.9 SORA. rac aes oll ers eerie 
10 days later....- oa Bad 17:4 30.0 40.1 AES Re Cig te ee eS ee 
Decay: 
At withdrawal... 0 0 2.0 iat 7.0 TAO ME ASS eyed tO. Dees 
10 days later....- Tea 0 3.5 4.0 20.7 OBO) | Peers ee ee el esis eee eee 
ARKANSAS BLACK (RESULTS OF ONE YEAR WITH LOTS FROM SEVERAL SECTIONS). 
Bad scald: 
At withdrawal... 0 0 0 0 0 0 0 1.2 
10 days later..... 0 0 0 6.0 0 favrl ies 52.8 
Decay: 
At withdrawal... 0 0 0 0 0 0 -6 0 
0 0 0 0 0 -6 4.2 10.8 


NotE.—Slight inconsistencies such as those noted above are not uncommon where the results of only 
one or two years’ work are available. It is because of this fact that except wheresubstantiated by other 
evidence it is not safe to generalize on only one or two years’ data. 
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In Rome Beauty, Winesap, and Yellow Newtown scald causes more 
serious injury than decay. It has been found that all varieties sus- 
ceptible to scald are attacked much more quickly and seriously when 
picked prematurely than when picked at full maturity, as shown in 
Plates II and IV. The most practical and efficacious preventive of 
this trouble, therefore, is picking the fruit at proper maturity. No 
other factor has such an important bearing on the amount of scald 
which develops in storage. The general appearance of scald on 
Rome Beauty is well illustrated in Plate II. It is probable that the 
_ cells which make up the skin of the immature fruit are undeveloped 
and weak, and therefore break down quickly in storage. In this 
connection it is important to note that physiological decay, such as 
is shown in Plate II, often follows severe scald. In the case of red 
varieties, allowing the fruit to remain on the tree until proper 
maturity is reached permits the green area to become partially or 
completely colored (Pl. IIT) and consequently practically immune 
from scald. It also allows the whole surface of one naturally green 
or yellow in color to become mature enough to resist the trouble. 

As far as physiological and fungous decays are concerned, the 
differences shown in the table are not so striking. Very serious scald, 
however, finally weakens the skin of the fruit so that complete physi- 
ological decay results or a point of entrance is offered te decay 
_fungi. This explains the very serious decay in the immature Rome 
Beauty at the third and fourth withdrawals. It will be observed 
that very little of this decay developed at 32° F., but after withdrawal 
to the warmer outside temperatures the immature fruit, weakened 
by bad scald, went down very rapidly. while a comparatively small 
amount of decay developed in the fruit which was mature when 
picked. 

Winesap, usually considered a longer keeping variety than Rome 
Beauty, was apparently not seriously weakened by scald, as very 
little decay developed either in storage or after withdrawal. Yellow 
Newtown (Table I) shows considerably more decay in the immature 
lots than in the mature at the last withdrawal, though the difference 
in the percentage of scald is much less pronounced than in the first 
two varieties. These differences, however, were greater than the 
figures indicated. The individual apples in the immature lots were, 
as a rule, more seriously affected than those in the mature lots, and 
consequently more weakened and more susceptible to decay. 


WHEN IS AN APPLE AT PROPER MATURITY? 


Regarding the stage of maturity at which apples should be 
picked it is difficult to give directions which will apply to all condi- 
tions and seasons. Proper maturity certainly does not mean eating 
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ripe, as in nearly every case an eating-ripe apple is overmature for 
storage. The individual growers should study their own fruit and 
their own conditions and whenever possible should make experiments 
to determine the stage of maturity at which the varieties they grow 
hold best in storage. The color of the seeds gives some indication, 
yet in spite of many opinions to the contrary it is an unreliable 
index to the maturity of the fruit. Many factors may cause the 
color of the seeds to vary without affecting materially the time at 
which the fruit reaches full maturity. The blush or red color of the 
apple taken by itself also is unreliable. Both of these factors should 
be taken into consideration, however. Perhaps the most reliable 
single indication is the “ground” color of the fruit; that is, the 
color which underlies the red color or blush. The “ground” color, 
which is green when the fruit is immature, begins to whiten or 
yellow slightly as it approaches full maturity. Plates I and III 
illustrate very well immature and mature Rome Beauty apples at 
time of picking. Asa rule, in a mature apple the green color should | 
be largely replaced by a white or light-yellow color. A dark yellow, 
on the other hand, usually indicates overmaturity. Allowances, of 
course, should be made for the natural color of the variety, the 
amount of exposure to sunlight, etc. Experience will enable a 
grower to. give the proper swahzlit to each one of these factors fi 
properly to coordinate them. 


EFFECT OF OVERMATURITY. 


Tt may be stated that certain varieties, of which Rome Beauty and 
Winesap are examples, are, as a rule, picked too early to keep in the 
best condition in storage. Some other varieties, however, such as - 
Jonathan and Esopus (Spitzenberg), sometimes are left on the trees 
later than is advisable. It should be understood clearly that ma- 
turity does not mean overmaturity, and that overmaturity may 
cause losses aS serious, or even more serious, than those due to imma- 
turity. As might be expected, the storage troubles resulting in this 
case are physiological and fungous decays. An apple allowed to 
remain on the tree until overripe is much farther advanced in its 
life processes than it is if picked at proper maturity and breaks 
down just so much faster in storage. The final breakdown may be 
due either to premature physiological decay or to a fungous rot 
which the weakened fruit can not resist. The complete destruction 
of the fruit follows in either case. Trouble of the kind in Esopus 
(Spitzenberg) is shown in Table II, the last picking of which was 
made when the fruit was overmature. Plate V illustrates the condi- 
tion after removal from storage of Esopus apples picked when 
overmature. 
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TABLE I1—Comparison of mature and overmature Hsopus. (Spitzenberg) apples 
with regard to the percentage of physiological and fungous decay at with- 
drawal from storage and with regard also to the percentage of decay after a 
10-day holding period under market conditions, one experiment, 1913-1}. 


(The first pick was made September 25 and stored September 26, 1913; the second pick was made 
October 10 and stored October 11, 1913.] 


First withdrawal, | Second withdrawal, | Third withdrawal, | Fourth withdrawal, 
. Jan. 12, 1914, Feb. 19, 1914. - Apr. 1, 1914. May 4, 1914, 
Condition. 
First Second First Second First Second First Second 
pick. pick. pick. pick. pick. pick. pick. ~ pick. 
Decay: 
At withdrawal... 0.0 283 0.9 9.1 ee 4.0 28 14.0 
10 dayslater...... 1.3 2.3 1.3 25.0 2.7 26.0 6.7 36.0 


At the second withdrawal, February 19, which is somewhat later 
than the usual commercial storage limit for this variety, the first 
picking was free from decay or other storage troubles, while the later 
picking had developed 9.1 per cent decay. After being held outside 
for 10 days, a pericd approximating the usual length of time from 
storage to consumption, the decay in the late picking increased to 
25 per cent. The first picking developed only 1.3 per cent in the 
same period. In other words, one lot was in prime market condition 
and the other in very poor condition. The later inspections are well 
past the commercial limit for the variety, and the decay is corre- 
spondingly heavier, though still consistently less in the first picking. 
The fact that less decay was found in the second picking at the third 
withdrawal than at the second withdrawal over a month before is 
an inconsistency which sometimes arises where only one series of 
observations has been made. Inconsistencies of this nature are 
largely eliminated when the results of several experiments are 
averaged. 

Although decidedly inferior in keeping quality, the second picking 
was strikingly superior in color. This factor, however, did not add 
to the value of the fruit sufficiently to counterbalance the difference 
in amount of decay. Possibly a picking made between the two would 
be superior to either and might have possessed the keeping quality 
of the first picking with a large portion of the color of the second. 


CAREFUL HANDLING. 


No special investigations have been conducted with the apples of 
the Northwest relative to the effect of careful handling in lessening 
injuries which render the fruit liable to attacks of blue mold and 
other saprophytic fungi. Extensive experiments by the Bureau of 
Plant Industry, however, have demonstrated conclusively that care 
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in all handling operations is of primary importance in insuring 
sound. fruit, whether in storage or in transit. The results of these 
investigations, which have covered many classes of fruit, have been 
published as bulletins of the Department of Agriculture,’ and it is 
unnecessary to discuss this subject in any detail here. 

The fact that blue mold causes serious storage decay in apples, es- 
pecially those that have been carelessly and roughly handled, is of 
special interest to the apple growers of the Northwest. As has been 
previously stated, the fungus causing this trouble can not affect unin- 
jured, healthy fruit, and decay due to this cause can be largely pre- 
vented by reasonable care in the harvesting and handling opera- 
tions. Common sources of injury under commercial handling methods 
are very numerous. Finger-nail scratches by the pickers or packers, 
allowing sand and gravel to accumulate in the bottom of the boxes or 
nails and splinters to project from the bottom and sides, dropping 
the fruit carelessly into the picking boxes, careless stacking of the 
filled picking boxes in the field or on the wagon, and rough handling 
in loading the fruit and hauling it over rough roads on springless 
wagons are all sources of injury. In the packing house or shed 
the fruit is frequently dumped roughly into the packing bins and may 
be injured further by an improperly constructed or adjusted mechani- 
cal sizer. Injuries caused by stem punctures and cover bruises, which 
may be due to improper packing, or carelessness on the part of the 
pressman, are of very frequent occurrence. Many of the injuries 
caused in this way may be very small. None of them, however, is in- 
significant. A microscopic break in the skin of an apple is sufficiently 
large to afford entrance to the decay fungi, and bruises which are 
not noticeable when the fruit is packed may cause premature physio- 
logical decay in storage. 

Careful handling includes careful grading. All poorly developed, 
imperfect, and injured fruit should be eliminated from the storage 
lots. 

IMMEDIATE VERSUS DELAYED STORAGE. 


When an apple is removed from the tree, growth ceases, but the 
life processes which result in ripening continue more or less rapidly, 
the rapidity depending on the temperature at which the fruit is held. 
Under high temperatures ripening goes on very rapidly and the fruit 
approaches the end of its natural life much more quickly than when 
these processes are retarded by low temperatures. 

Delay before storage usually involves the exposure of the fruit for 
a longer or shorter pericd to a temperature decidedly higher than that 

1 Bulletins of the United States Department of Agriculture No. 63, Factors Governing 
the Successful Shipment of Oranges from Florida; No. 274, Factors Governing the Suc- 


cessful Shipment of Red Raspberries from the Puyallup Valley; No. 331, The Handling 
and Shipping of Fresh Cherries and Prunes from the Willamette Valley, 
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of a cold-storage room. The rapidity of ripening is therefore much 
greater, and the end of its life, even if it is subsequently placed in cold 
storage, comes just so much sooner than it otherwise would. It may 
be expected then that fruit treated in this way will show a much 
higher percentage of physiological and fungous decay in storage 
than that stored immediately after picking and that it will be more 
seriously affected by skin blemishes. 

In all the experiments of this nature, the delayed lots were held 
two weeks in growers’ or shippers’ warehouses at a temperature only 
slightly lower than that of the outside air. In every other respect 
each delayed lot was comparable with the corresponding “ immedi- 
ate.” The data given do not fully represent the differences between 
the lots. The immediately stored fruit was always brighter, less 
yellow, and usually firmer than the delayed. Plates VI and VII 
illustrate the differences in ripeness upon withdrawal of Jonathans 
stored immediately and those delayed two weeks. The immediately 
stored lots, from which the apples in the illustrations were taken, held 
in storage in good condition one month longer than the comparable 
delayed apples. Toward the end of the storage period the delayed 
fruit frequently showed considerable shriveling, while the shriveling 
in the same fruit stored immediately was slight or entirely absent. 
Table III shows that there was consistently more bad scald and 
decay in the fruit delayed for two weeks than in that stored imme- 
diately. Data for the most important varieties represented in these 
experiments are given in the table. This fruit usually was picked 
at the height of the commercial season for the variety. Definite 
dates would only be misleading, because, as has been said, these vary 
greatly with conditions. 

The effect of delayed storage on the keeping quality of the fruit 
varies greatly with different varieties and with climatic and seasonal 
conditions. If warm weather and high humidity are experienced 
during the delay period, the ripening of the fruit goes on very rap- 
idly, and, in addition, conditions are then most favorable for the 
growth and development of fungi causing decay and skin blemishes. 
On the contrary, if the weather is cool and dry, ripening is compara- 
tively slow and the development of fungous troubles is retarded. 
Under these conditions, the delay may be only shghtly injurious. 

_ The table given shows the results with fruit held under varying con- 
ditions of temperature and humidity, and the data are the averages 
of the differences that may be expected to develop between immedi- 
ately stored and delayed fruit. They do not show the maximum 
amount of storage troubles that will result from delay during warm 
and humid weather. : 
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TABLE III.—Comparison of immediate and delayed storage of apples with regard 
to the percentage of bad scald and decay at withdrawal from storage and with 
regard also to the total percentage after a holding period of 10 days under 


market conditions, 


three and one-half months. 


YELLOW NEWTOWN (THREE-YEAR AVERAGE). 


the time in storage at first withdrawal being three to 


First withdrawal, ; Second withdraw- | Third withdrawal, | Fourth withdrawal, 
Jan. 8 to 13. al, Feb. 19 to 21. Mar. 27 to Apr. 3. May 6 to 13. 
Condition. 
Immedi- Immedi- Immedi- Immedi- 
ate Delayed. aS Delayed. hes | Delayed. ae Delayed. 
[ee SES a rk 2 | 
Pee ee ae T| 
Bad seald: | 
At withdrawal... OM 52 1.8 6.4 6.3 23.5 11.0 30. 2 
10 days later.-.-.- 2.6 19.5 9.8 33.3 27.6 43.6 28.2 56.5 
Decay: 
At withdrawal... 4 0 a8 0 -9 9 8 1.9 
10 days later....- -6 -6 8 4 2.9 5.4 552, 14.4 
WINESAP (FOUR-YEAR AVERAGE) 
Bad seald: 
At withdrawal... 0 0 0 0.2 1.2 P83) 0.4 ile vA 
10 days IEWIRA 6 956 0 158) 8 9 3.8 6.4 7.3 8.8 
Decay: 
ie withdrawal -.- 0 of 0 0 4 1.0 sl 4 
10 days later--.-- 4 4 0 0 -7 1.6 -8 1.3 
ROME BEAUTY (FOUR-YEAR AVERAGE). 
", First withdrawal, | Second withdrawal,| Third withdrawal, | Fourth withdrawal, 
Jan. 9 to 12. Feb. 16 to 29. Mar. 27 to Apr. 2. May 5 to 14. _ 
Condition. Sax 7 7 
Imme- Imme- Imme- TImme- 
intel Delayed.| “Ginte. Delayed. aiete Delayed. | ART. Delayed. 
Bad scald: 
At withdrawal... 0 0 1.8 3.0 J1°3 21.9 22.2 27.9 
10 days later... .. 12.6 18.3 23.7 40.0 28.4 49.6 42.5 67.1 
Decay: 
ive withdrawal - . 5& -6 aD) 2.6 1.0 4.4 ise Bad 
10 days later...-. 2 2.8 12 5.8 3.3 13.4 13.6 21.5 
ESOPUS (FOUR-YEAR AVERAGE) 
Bad scald: 
At withdrawal... 0 0 0 0 0.4 0 0 9 
10 days later..-.-. 0 0 0 0 iL 7/ 5) 1.6 2.8 
Decay: 
At withdrawal.-.- Sil 2.4 2.6 4.3 6.4 9.2 8.9 12.1 
10 days later. -... 1.4 6.5 6.0 10.0 11.3 221) 23.4 28.4 
JONATHAN (FOUR-YEAR AVERAGE) 
Bad seald: 
At withdrawal... 0 4.0 0.1 6.7 8.5 21.5 17.9 33.8 
ai 10 days later._... 1.0 (68) 8.4 20.0 14.7 35.8 27.0 46.4 
ecay: 
At withdrawal... 0 53) 4.6 10.3 6.8 13.1 7.8 13.0 
10 days later..... 2 be2, 10.1 12.7 12.2 ifs 12.0 17.0 


In the Pacific Northwest, as in all apple sections of the United 
States, the fruit after picking is held frequently two weeks or 
longer in an open warehouse, or even in the orchard, before it is 


aa? ae. 
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shipped or stored. The delay period selected for the experimental 
lots is not excessively long, therefore, and is entirely representative 
of delay under commercial conditions. Much of the delay of com- 
mercially handled fruit is unavoidable, but a great deal of it could 
be eliminated by a reasonable modification of orchard and packing- 
house methods. When it is impossible for a grower to store or ship 
his fruit promptly after it is picked, he should hold it at the lowest 
temperature available. A common storage room in which the fruit 
temperatures may be reduced by the cooler night air, and which is 
sufficiently insulated to maintain this lower temperature during the 
day, is a valuable adjunct to any orchard and is becoming increas- 
ingly necessary in handling the apple crop. In brief, the grower 
should keep clearly in mind the fact that the higher the temperature 
at which his fruit is held after it is picked, the more rapid will be its 
ripening and deterioration. 

With the longer keeping varieties, such as Winesap, the effect of a 
delay prior to storage is not as marked as with the earlier, shorter 
lived ones, and may not be noticeable during the first part of the stor- 
age season. As the fruit advances in its storage life, the differences 
between immediately stored and delayed lots become greater, and the 
injurious effect of the delay becomes apparent. With the Jonathan, 
on the other hand, consistent and striking differences usually are 
noticeable before the fruit has been in storage two months. The ex- 
cessive amount of Jonathan spot, or “arsenic spot,” following de- 
layed storage, is especially pronounced in this variety, and it is very 
evident that prompt storage is an important factor in retarding the 
development of this trouble. 


THE EFFECT OF STORAGE TEMPERATURES. 


For successful long storage northwestern-grown apples should be 
held at the lowest temperature possible without danger of freezing. 
A temperature between 31° and 32° F. is accepted generally as the 
most favorable for successful storage. Although the exact freezing 
point of apples has not been definitely determined and may vary with 
different varieties and conditions of growth, etc., it is known to be 
2 or 3 degrees lower than this. Thirty-two degrees F. is the freezing 
point of distilled water, and a somewhat lower temperature is required 
to freeze a concentrated fruit juice. Unless a_ good continuous air 
circulation is assured in the storage room, however, 31° F. should be 
considered the lowest limit at which the temperature can be held 
with safety. The danger from pockets of colder air at the floor, the 
refrigeration pipes, or cold-air ducts renders it inadvisable to allow 
the temperature to drop lower unless a thorough and constant air 
circulation is assured. 
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Tn all the experiments the fruit held at 32° F. was in better condi- 
tion and could be held through a longer storage period than that 
stored at a temperature ranging from 35° to 36° F. The practical 
effect of this higher temperature was the same as that of delay before 
storage. The life activities of the fruit stored at 35° F. advanced 
vith greater rapidity than at 32° F. Consequently at all withdrawals 
fruit stored at 35° F. was found to be duller, yellower, and riper than 
the fruit held at 32° F. This was especially true at the later with- 
drawals. In BE a higher percentage of scald and storage 
decays developed at 35° F. : 

Table IV shows the percentages of decay found in three of the 
varieties represented in these experiments. Each section of the table 
gives an average of all experiments conducted during three shipping 
seasons, 1912-13, 1913-14, and 1914-15. All the fruit was picked 
at the height of the commercial picking season for each variety, 
and. the lots held at 32° F., as well as those at 35° F., were stored as 
soon as possible after picking, generally not more than two days later. 


TABLE 1V.—Comparison of apples stored at 32° and 35° F. with regard to the 
percentage of decay at withdrawal from storage and with regard aiso to the 
total percentage after holding 10 days under- market conditions, 3-year 
average, the time in storage ai first withdrawal being three to three and one- 
half months. 


ESOPUS (SPITZENBERG). 


First withdrawal, | Second withdrawal,| Third withdrawal, | Fourth withdrawal, 
Jan. 7 to 13. Feb. 17 to 21. Mar. 31 to Apr. 3. May 5. 
Condition. 
32° 30e 32° 35° 32° 35° 322 35° 
ecay: j 
At withdrawal... 0 0.7 0.6 4.8 10.1 13. 12.4 Gs it 
Ten days later. -. ot 8.4 2.9 11.9 12.4 17.4 21.4 26. 4 
ROME BEAUTY. 
First withdrawal, | Second withdrawal,/Third wevidrawal, | Fourth withdrawal, 
Jan. 12 to 16. Feb. 20 to 21. Apr. 2 | May 5. 
Condition. pati 
32° 35° 32° 35° 32° SEP tla RO ie ahs waa 
feces tra a) PR ERS Ee SEA et Spee EY) Get eet ERR ee ET Re: 
| | 
Decay: | 
At withdrawal... 0.6 0.7 1.6 2.3 0.3 1.3 2.4 | 4.8 
Ten days later. - . 1.8 1.3 2.0 2.3 2.3 4.4 10. 2 13.2 
WINESAP. 
Decay: 
At withdrawal ..- 0.1 0.2 0 0.2 0.3 12 0.5 0.7 
Ten days later. - . 3 4 0 -3 8 3.1 1.1 3.7 


It will be noted that early in the storage season there is little 
difference in the amount of decay which develops in Winesap and 
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Rome Beauty stored at 32° and 35° F. Noticeable differences in 
appearance and texture were apparent in nearly all lots at this time, 
however. At the third and fourth withdrawals of these varieties 
the fruit stored at 35° showed considerably more decay than that 
stored at 32° F. In other words, fairly good keeping varieties may 
be held for some time at a temperature of 35° F. with practically as 
good results as far as loss from decay is concerned as if the fruit 
had been held at a lower temperature. As these varieties approach _ 
the end of their storage periods, however, the effect of the higher 
temperature is manifest, and the failure properly to retard the life 
activities of the fruit results in its premature death and decay. This 
is especially noticeable during the holding period after the fruit has 
been withdrawn from storage. The apples stored at 32° F. had 
enough reserve vitality to hold in good condition during this period, 
but the more advanced 35° F. fruit went down with comparative 
rapidity. 

In Esopus (Spitzenberg) striking results are noted at the first 
two withdrawals and inspections. As the storage life of this va- 
riety is naturally shorter than that of Winesap and Rome Beauty, 
results of this kind are to be expected. Storage at 35° F. has mate- 
rially shortened the holding period of the lots so treated, and this 
influence is manifested very early in the storage season. 

The most favorable storage temperature, however, can not prevent 
the final, natural death of the fruit, and at the third and fourth with- 
drawals of Esopus (Spitzenberg) both lots are past the limit of suc- 
cessful storage, although the lots from 32° F. are still superior to 
those which have been stored at 35° F. 


COMMON STORAGE. 


During the seasons of 1912-13, 1913-14, and 1914-15 a limited num- 
ber of boxes of apples were stored in well-constructed common stor- 
age houses at Hood River, Oreg., and at Payette, Idaho, while com- 
parable lots were held in cold storage at 82° F. As the data obtained 
were limited, no attempt will be made to present them or to discuss 
the result in detail until corroborated by further investigation. 

As might be expected, however, they indicate that a common stor- 
age house cooled by natural circulation only can not take the place 
of a cold-storage warehouse for long keeping.of the fruit. This 
statement does not in any way belittle the value and utility of com- 
mon storage houses, as they will always play an important part in 
the harvesting and storage of the apple crop. The fact that a house 
of this type can be constructed at the orchard or in conjunction with 
the local packing house with a much smaller outlay of capital than 
is required for the construction of a cold-storage warehouse is a 


24 BULLETIN 587, U. S. DEPARTMENT OF AGRICULTURE. 


strong point in its favor. From the standpoint of a grower or ship- 
per who wishes to hold his fruit for a few weeks or even a few 
months before placing it in cold storage or finally disposing of it, 
a common storage warehouse offers numerous advantages. If it is 
desired to ripen winter varieties, such as Winesap or Yellow New- 
town, for an early market, they can probably be more satisfactorily 
handled in common than in cold storage. Furthermore, the opera- 
tion of a house of this kind requires no technical knowledge. 

The fact remains, however, that: during the fall months it is usually 
dificult in many localities to obtain by natural cooling tempera- 
tures that are low enough to permit long storage. During the late 
fall and winter, however, a temperature very close to 32° F. can 
be maintained in most sections of the Northwest. The effect of 
storage of this kind is similar, therefore, in practice to that of a 
long delay before storage, although the conditions during this deiay 
period are more favorable than the average. It was found, as might 
be expected, that common storage fruit compared with lots from 
the same orchards held at 82° F'. was yellower, duller, and nearer the 
end of its storage life at all withdrawals and inspections than the 
fruit held at the lower temperature. 


DETERIORATION AFTER WITHDRAWAL FROM STORAGE. 


It is not only desirable to hold apples in storage with a minimum 
amount of loss, but of equal importance that this fruit remain in 
good condition for some time after it is withdrawn and placed on 
the market. In many instances apples withdrawn from cold storage 
are reshipped for considerable distances, and in all cases they are 
in the hands of the wholesaler, retailer, and consumer for several 
days, oftentimes weeks. \llowance should be made for the length 
of time it will probably take a particular lot to go into consumption 
and the temperature and other conditions to which it will probably 
be subjected. As a general rule, apples should be bright, firm, and 
not excessively yellowed when withdrawn from storage. In some 
varieties deterioration in quality will limit the length of time they 
can safely be allowed to remain in storage. After withdrawal the 
fruit, of course, should be held at the lowest temperature obtainable. 

It has been very generally believed that apples withdrawn from 
a temperature of 32° F. break down very rapidly under normal 
outside temperatures and deteriorate faster under these conditions 
than fruit which has been held at a higher temperature. The ex- 
periments show that of two comparable lots, one from 32° F. and 
one from common storage, withdrawn from storage at the same-time, 
the one from the lower temperature will hold up for a longer period 
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in good condition. In other words, the more sucgessfully and 
promptly the ripening processes of an apple are retarded the longer 
it will remain in good condition in and out of storage. If, however, 
the fruit is allowed to remain in cold storage until overripe, it will 
naturally break down very rapidly when withdrawn. 

In this connection attention is called to Table IV. It will be seen 
that the amount of decay which developed during the 10-day holding 
period after withdrawal from storage was in nearly all cases much 
greater in the fruit stored at 35° F. than in that from 32° F, 


LOCAL VERSUS DISTANT STORAGE OF NORTHWESTERN APPLES. 


There is considerable discussion as to whether storage in producing 
sections is preferable to storage of northwestern fruit in the Middle 
West and East. While there are good arguments in favor of both 
systems, at present local storage space is not available for as much as 
half of the normal apple production of these States. Even if there 
should ever come a time when adequate facilities for the home storage 
of the entire crop are available, it would probably be desirable to 
store a certain percentage of the crop nearer the consuming centers. 
It therefore seems practically certain that the growers of north- 
western apples will utilize, at least for some time to come, both home 
and eastern storage. 

Where apples are stored at points of production in the Northwest, 
full and due allowance should be made for the time required for 
shipment to eastern markets and for distribution to the consumers. 
In most cases it will not be practicable to hold any variety at produc- 
ing points the full and normal storage period for the variety. Such 
practices will generally only result in very serious losses from de- 
terioration and decay. Obviously, if a variety has already been held 
in storage for the maximum period during which it will normally re- 
main in good condition, it can not successfully be transshipped several 
thousand miles and be delivered in good condition. The different 
varieties should be withdrawn from storage early enough before the 
end of their normal storage seasons to permit shipment and distribu- 
tion while in good attractive condition. 

In transferring from warehouse to car, care should be taken not to 
expose the ‘fruit to much higher temperatures than that at which it 
was held. When shipped during extremely cold weather every pre- 
caution should be exercised to secure such equipment and to take such 
precautions as are practicable to protect the apples from freezing in 
transit. In the shipment of apples that have been held in storage for 
a considerable period the maintenance of uniformly low temperatures 
above freezing is of especial importance. The rate of development 
of scald decay and other storage troubles after withdrawal from 
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storage emphasizes strongly the need of maintaining uniformly low 
temperatures, consistent with safety from freezing, throughout all 
operations of handling and transportation to the retailer and con- 
sumer. 

Practically all northwestern-grown apples that are forwarded to 
eastern markets for storage are shipped as soon as possible after the 
fruit has been harvested and packed without being placed in cold 
storage at or near the points of production. 

The need of prompt cooling has been strongly emphasized in con- 
nection with immediate and delayed storage. It is very evident 
that whether stored near points of production or several thousand 
miles distant, the need of prompt and rapid cooling is exceedingly 
important. When stored near the point of production every effort 
should be made to get the fruit into the storage house promptly. 
When intended for eastern storage the. apples should be shipped 
in refrigerator cars under refrigeration. They should be loaded 
into preiced cars as promptly as possible after harvesting. As the 
average cooling of a full load of tightly packed and wrapped apples 
in a refrigerator car is comparatively slow at best, the need of 
getting the fruit under refrigeration promptly is even greater than 
if they were going directly into storage. Precooling is an efficient 
means of securing prompt and rapid cooling and should be utilized 
wherever facilities are available. Promptness of cooling is essential 
to good keeping quality, whether effected through precooling or in 
the car in which the fruit is shipped while in transit. 


THH RELATION OF ORCHARD PRACTICES TO SUCCESSFUL 
STORAGE. 


While harvesting and handling methods, the promptness of stor- 
age, and storage temperatures are among the most important factors 
governing keeping quality in storage, the important relation of 
orchard practices to successful storage should not be overlooked. It 
has been noted previously that scald appears first and primarily 
on the uncolored portion of the apple. In this connection pruning 
is an important consideration. As it is desirable to procure high 
color, both from the standpoint of avoiding scald and increasing the 
market value of the fruit, it is of great importance that the pruning 
be sufficient to admit enough light to properly color the apple. 

As scab and anthracnose are often very serious in storage it is 
important that proper spraying and pruning methods be followed in 
order to control these and other fungous diseases. The general good 
health and vigor of the trees should be maintained by proper cul- 
tural and orchard sanitation practices, for sickly trees can not be 
expected to produce good storage fruit. 


STORAGE OF APPLES IN THE PACIFIC NORTHWEST. AE 


RESPONSIBILITY AND INSPECTION. 


The responsibility for the successful storage of apples obviously 
does not lie with the storage warehouseman alone. In fact, he has 
largely done his part if the apples are properly stored as soon as 
they reach the storage house in clean well-insulated rooms held at a 
uniform temperature of 31° to 32° F. where each grower’s fruit of 
each variety can be examined occasionally and quickiy withdrawn to 
meet the demands of the market. 

As has been previously shown, the first responsibility les with 
the growers and shippers, since cultural and handling methods 
largely determine the condition of the fruit when stored. Through 
his cultural and orchard sanitation practices the grower determines 
and is responsible for the inherent keeping quality of fruit and its 
freedom from fungous troubles. Through the care exercised in han- | 
dling, the time of picking as related to maturity, and the promptness 
of cooling and storage, the growers and shippers largely determine 
the life and behavior of the fruit in storage. 

As many factors influence the keeping quality of the different lots 
and as few lots even of the same variety possess the same keeping 
quality, occasional inspections of representative boxes of each vari- 
ety from each grower are desirable. In this way the lots most 
advanced in maturity can in so far as possible be disposed of while 
still in good condition. The difficulties of making such inspections of 
all lots in storage are often great. Nevertheless, anyone familiar with 
the wide variation in keeping qualities of different lots of apples 
apparently identical at the time of storage will not seriously question 
the value of such inspection in connection with the disposal of storage 
holdings in the best merchantable condition. 


COMPARATIVE KEEPING QUALITIES OF VARIETIES OF PACIFIC 
NORTHWESTERN APPLES. 


In order to secure an accurate comparison of the keeping qualities 
of the more important promising fruit a great many varieties of 
fall and winter apples were tested in cold storage. These tests were 
made with lots from North Yakima, Wenatchee, and Spokane, 
Wash.; Hood River, Medford, and Milton and Freewater, Oreg.; 
Payette, Idaho; and other sections of the Pacific Northwest. The 
investigations were extended over a period of four years, during 
which time approximately 600 boxes of apples ‘were used in these 
variety tests. All lots were held at a temperature of 31° to 32° F. 

Table V gives the varieties on which the data are sufficient to base 
dependable conclusions. An attempt has been made in this table 
to arrange the varieties in the order of their keeping qualities. This 
is based on their market condition, texture, color, quality, flavor, 
and the amount of decay and skin blemish. It also includes the 


98 BULLETIN 587, U. S. DEPARTMENT OF AGRICULTURE. 


average dates at which the experimental lots passed prime market 
condition, and their susceptibility to scald. 

In the same connection the notes on the varieties, following the 
table, are of interest, as they include important factors in connection 
with the successful storage of each variety. 


Taste V.—Comparative cold-storage keeping qualities of varieties of Pacific 
Northwestern apples. 


{ 
Average date experimental lots passed Susceptibility to 
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NOTES ON THE KEEPING QUALITIES OF VARIETIES OF APPLES GROWN IN THE 
PACIFIC NORTHWEST. 


RatnigR.—The keeping qualities of the Rainier apple are unsurpassed by 
those of any other variety of the Pacific Northwest that has yet come to 
the attention of, the United States Department of Agriculure. Its ability to 
retain its firmness, brightness, and quality with almost no decay or skin blemish 
places it above even the Arkansas Black, Winesap, and Yellow Newtown. In 
82° F. cold storage it keeps in prime condition into May or later, and instances 
are known where large numbers of boxes have been held in excellent condition 
into September of the year following their harvest. 

The department’s first record of the Rainier is from the farm of W. W. Scott, 
at North Yakima, Wash., where there is an orchard of what were wrongly called 
Hubbardston Pippins. No very accurate or dependable record could be found 
as to their true name and they were given the name Rainier. The Rainier is 
of medium size, with rich yellow ground color, mottled and washed with red, 
splashed and striped with dark red; oblong-conical, irregular, Symmetrical, fairly 
uniform in shape; and of reasonably good quality. 

Hypr Kine.—The Hyde King possesses valuable cold-storage qualities. It is 
a large beautifully bluish yellow apple of unusual firmness, which it holds 
throughout its storage life. Little or no scald occurred in this variety. In the 
experimental storage lots it usually kept well into May in good marketable con- 
dition. 

ARKANSAS Brack.—The Arkansas Black, one of the most important commercial 
varieties of this section, is also one of the longer keeping varieties. Well-colored 
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and matured fruit remained in prime condition into May. Immaturely picked 
fruit scalds very badly and decays physiologically much sooner than fruit picked 
when properly matured. 

Winesap.—The Winesap is one of the most widely grown of the longer keeping 
varieties. When well colored and matured it kept with little or no decay into 
the latter part of April. As with most varieties, immature fruits scald badly, 
although this scald seldom results in physiological decay. In some localities the 
Winesap often water-cores, but when the water-core is slight the injury to the 
keeping quality is not as great as with most other varieties. ; 

YELLOW NEwTown.—The excellent dessert and culinary qualities of the Yellow 
Newtown do much to make it a desirable cold-storage variety. It is very sus- 
ceptible to scald if picked immaturely, and in some sections may develop a brown- 
ing of the core, which sometimes lowers its market value. Scab is sometimes 
serious on this variety in storage. Its storage season is usually about the same 
as that of the Winesap. 

Rome (Romer BEAuty).—When picked at the proper maturity this variety is 
valuable for cold-storage purposes. However, if picked immaturely very severe 
scald usually develops in storage. Overmaturity is equally bad, resulting in 
serious decay. Scald on the Rome Beauty sometimes takes on the appearance of 
Jonathan spot and later spreads over larger portions of the surface, but more 
often it is of the common type. Its storage season varied greatly, depending 
principally on the time of harvesting and the delay between picking and storage, 
but it generally extended to the middle of April. 

NortHERN Spy (Spy).—On many sites the Northern Spy is very susceptible 
to bitter-pit, which is one of its worst storage troubles. Bitter-pit often does not 
make its appearance until some time after packing. The tender skin of this 
variety is easily broken, with the result that the loss from blue-mold decay may 
be high. It usually did not keep well after the middle of April. 

Missovuri.—In general the Missouri kept well, with little scald or other 
deterioration, beyond the middle of April. It has many desirable points as a 
storage variety. 

DeELicious.—The Delicious is a better storage variety than its rather delicate 
appearance indicates. It usually holds its flavor fairly well and is not as 
seriously affected by scald as are most varieties. It seldom held up well beyond 
the last of March. 

York ImprertAt.—The York Imperial is not a high-quality storage variety, 
but it held up well until the middle of March. It scalds badly, especially after 
withdrawal from storage. 

BANANA (WINTER BANANA).—When picked at the proper stage of maturity 
this variety has good keeping qualities. Apples picked when overmature will 
deteriorate rapidly in storage. Its season usually ended about the first of 
March. 

WHITE PEARMAIN (WHITE WINTER PEARMAIN).—This variety has a high 
dessert quality which it maintains for a time in storage, but loses in late 
winter. It often scalds badly, and physiological decay soon follows. ‘The 
storage season ended about the first of March. “ 

Bren Davis.—Like most other varieties in storage, when picked immaturely 
the Ben Davis scalds badly. When well colored and picked at proper maturity 
the Ben Davis takes high rank as a storage variety, but its cold-storage keep- 
ing qualities do not appear to be as high as many believe. It usually did not 
keep in good condition beyond March 1. 

Hsopus (SPITzZENBERG).—The Esopus retains a good flavor for most of the 
storage season, and when not picked overmaturely it is a good keeper. Its 
harvesting season is comparatively short, and fruit that is overmature when : 
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picked soon decays. Esopus is exceptionally subject to attack by northwestern 
anthracnose even in storage. This is an imrortant consideration when the 
fruit is grown in localities where this disease is prevalent. Generally this 
variety did not remain in good market condition past the latter part of 
Webruary. 

Gawno.—The Gano and Black Ben (the Black Ben is probably but a strain 
of the Gano, and its storage-keeping quality is similar) are not as good storage 
apples as is often thought. Their color becomes unattractive, and they are 
subject to very bad scald. Apples of the variety that are not well matured 
and well colored should seldom be stored for any length of time. The Gano 
did not usually remain in the best condition past the middle of February. 

STAYMAN (STAYMAN WINESAP).—The high quality and firmness of the Stay- 
man Winesap are retained in storage for some time, but unfortunately this 
variety is susceptible to extremely bad scald, which is soon followed by physio- 
logical decay. To guard against this the greatest care should be taken to store 
only fruit that is fully matured and well colored. Late picking is also danger- 
ous in some localities, as water-core may develop. The Stayman Winesap 
passed good market condition about the middle of February. 

SaLomE—The keeping quality of the Salome was rather variable, averaging 
in general not quite as good as that of the Stayman Winesap. It remains 
unusually bright and attractive through the season, and occasional well-colored 
lots show excellent keeping quality. 

OrTLEY.—For a short storage season the Ortley is often valuable. However, 
its susceptibility to scab, core browning, northwestern anthracnose, and scald 
are against its extensive use in cold storage. The scald often appears in small 
spots resembling Jonathan spot. The Ortley retains its flavor well for a time, 
but later becomes fiat. Most of the Ortleys remained in good condition until 
after the first of February. 

Kine Davip.—F'or short-season storage this variety is very good. When picked 
early enough to avoid water-core it can usually be held without serious de- 
terioration somewhat longer than can Jonathan. Excessively early picking, 
however, encourages scald. It is probable that fruit picked before reaching a 
total dark red is as attractive as the darker and overmature fruit; and as the 
storage keeping quality of this earlier picked fruit is unquestionably better, the 
earlier picking is advised. In general the picking dates should be somewhat 
before those of Jonathan. King Davids picked under these conditions kept well 
until the first of February or later. 

MciIntosH.—Ffor short-time storage high-grade McIntosh apples are valuable. 
Their high dessert quality and comparative freedom from scald are in their 
favor. In late winter they lose in flavor, and physiological decay soon follows. ; 
They remained in good condition until the middle of January. 

TomMPKINS Kine.—As the Tompkins King water-cores and scalds badly, it is 
seldom a good storage variety. In cases where well-matured and well-colored 
fruit is obtained without water-core, successful storage may result, but other-— 
wise this variety is not to be depended on in storage. 

WAGENER.—Of the varieties grown in the Northwest, the Wagener is one of 
the most susceptible to scald. The scald is followed quickly by physiological 
decay. When well-colored mature fruit is obtained it can be held successfully 
for a considerable period, as the scald may then be practically eliminated. The 
average Wageners did not keep much past the middle of January. 

JONATHAN.—The Jonathan varies more in its keeping quality than does almost 
any other variety. In general the earlier harvested fruit keeps better, though 
very early harvesting results in shriveling and poor flavor. Jonathan spot and 
soft scald are its greatest enemies in storage, Both are more serious on this 
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variety than on any other that is extensively grown. As delay between picking 
and storage almost invariably results in both decay and Jonathan spot, imme- 
diate storage is particularly important with the Jonathans. They usually 
passed their best commercial condition the latter part of December. 

GRIMES (GRIMES GOLDEN).—Grimes has a short storage season. I¢ holds its 
flavor fairly well, but ripens quickly and is particularly susceptible to scald. 
In cold storage it should seldom be held later than the middle or latter part of 


December. 
: SUMMARY. 


During the seasons 1911-12 to 1914-15, inclusive, extensive in- 
vestigations were conducted by the United States Department of 
Agriculture to determine those factors which are of the greatest im- 
portance to the successful storage of the apples of the Pacific North- 
west. For this purpose apples were secured from the various more 
important apple-growing sections of Washington, Oregon, Idaho, 
and Montana. 

The experiments conducted in 32° F. storage showed— 

A wide range in the cold-storage keeping qualities of various 
varieties, depending upon the decay, skin blemish, texture changes, 
etc., which they develop. 

That a 2-weeks’ delay between the picking and storage of apples 
_ often greatly reduces their life in storage through more rapid ripen- 
ing and the development of scald, Jonathan spot, scab, and decay. 

That a 32° F. temperature will hold apples longer and in better 
condition than will a 35° F. temperature, the difference in favor of 
the former increasing with the time in storage. 

Immature picking results in severe scald and early decay of apples 
in storage. 

The storage of overmature apples is an equally bad or worse prac- 
tice than the storage of immature apples, resulting in more rapid 
deterioration than with those picked and stored at proper maturity. 

Well-colored portions of the skin seldom, if ever, develop scald. 

Carelessness in handling is responsible for considerable decay of 
apples in storage, and freedom from bruises and skin abrasions is 
fundamental to successful storage. 

Apples from orchards badly infected with northwestern anthrac- 
nose are likely to decay early in their storage life. 

Apples in cold storage should be carefully watched and inspected 
in order that they may be disposed of while in good condition. 

In conclusion, it is pointed out that successftl cold storage of 
apples is as much the result of the treatment they receive before be- 
ing placed in cold storage as of the conditions and temperatures 
under which they are held in storage. The responsibility rests as 
much with the producer and handling organizations as with the cold- 
storage warehousemen. 
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BETTER RANGE MANAGEMENT, 


This bulletin presents the results of experiments which bear 
directly on the problem of how to produce more and better cattle 
on western range lands, a matter of pressing importance in view of 
the present need for increasing the Nation’s food supply. 

It is generally conceded that the carrying capacity of the remaining 
areas of public range is at least 25 per cent less than it was originally, 
the result of grazing stock at improper seasons and overstocking. 
It is also a fact that the productiveness of many privately owned 
ranges, both fenced and unfenced, has been reduced through faulty 
management. To work out a system of range management and 
improvement practicable for large grazing units, which will build 
up the depletéd areas and insure the maintenance of the whole range 


in good condition, is one of the important objects of grazing studies 
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made by the Forest Service on the Jornada Range Reserve, a unit 
comprising some 200,000 acres in southern New Mexico. The prob- 
lem involves: (a) Finding the system of management that will best 
bring about natural reseeding of the existing forage plants; (6) find- 
ing new plants suitable for seeding on the ranges of the Southwest; 
(c) determining the number and distribution of stock-watering 
places necessary for efficient use of the range, taking into account 
cost of construction and returns expected; and (d) determining the 
carrying capacity of the range as a means of preventing its being 
overstocked. 

Other and related range problems also have been studied on the 
Jornada Reserve. One of these has to do with improving the average 
gerade of stock and the average calf crop under range conditions, the 
possibility of which is generally recognized. Another is how to 
reduce the losses of stock from lack of feed and water in times of 
drought and from disease and straying that ordinarily occur in the 
Southwest. Such losses are a-big drain on the profits of the stock 
industry and often retard, or even prevent, the development. of 
desirable breeding herds. 

The studies on the Jornada Reserve are by no means completed; 
when the length of time during which they will be carried on is con_ 
sidered, it might be said that they are hardly begun..- The results 

so far secured, however, seem to have an important enough bearing 
on the problem of increased meat production to justify their pres- 
entation in a bulletin, to constitute a progress report. They may 
be modified, of course, by study over a longer period. | In estimating 
the possibilities for SapoeeEen , therefore, every effort is made to 
be conservative. The results are discussed in detail in the body of 
the text and are summarized at the end. 

Naturally, in working with so large a range unit the results are 
lacking in the degree of refinement obtainable in feed yards and 
small-scale experiments. This, however, is more than offset by the 
fact that each experiment, when completed, constitutes its own 
demonstration on a practical scale. 


JORNADA RANGE RESERVE. 


The Jornada Range Reserve is located in Dona Ana County, N. 
Mex., in the Rio Grande trough, about 50 miles north of the Mexi- 
can boundary. It is typical of a large territory in the South- 
-west which, owing to natural and climatic conditions, will probably 
always be best adapted to the production of live stock on compara- 
tively large holdings. The Reserve was created by Executive order, 
May 3, 1912, at the request of the Department of Agriculture, with 
the idea of securing a complete range unit for conducting experiments 
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and demonstrations in range management under conditions existing 
in southern New Mexico and similar country in adjoining States. 
The boundaries were slightly modified by Executive order of April 24, 
1916, and at present include about 200;000 acres. 

The eastern portion of the area, comprising about one-fourth of 
the total, is rough and broken and includes the west slope of the 
San Andreas Mountains, which reach a maximum elevation of about 
7,600 feet, both slopes of a narrow belt of rough, gravelly hills just 
west of the main mountains, and a series of narrow, poorly defined 
valleys between the two. The remainder of the Reserve is a com- 
paratively flat, or slightly rolling, plain, lying between elevations of 
about 4,100 and 4,700 feet, and broken only by a small mass of 
igneous mountains, the Dona Anas, at the southwest corner. 

The locality is one of the most arid in the Southwest. Records 
for 55 years at Mesilla Park, about 15 miles southwest of the Reserve, 
show an average annual precipitation of 8.63 inches, with precipita- 
tion for individual years as much as 17 inches and as little as 3.50 
inches. Temperatures as high as 106° are common in summer, and 
the region is subject to almost continuous high winds and, conse- 
quently, high evaporation. The soils of the plain are rather coarse 
to medium textured wind-blown sands, with patches of heavy adobe 
clay, usually with a rather high percentage of alkali, where water 
often stands until evaporated. The soils of the mountains and the 
outwash plains flanking them are coarse sands and gravels. 

Naturally, with this combination of poor soils, low precipitation, 
high temperatures, and high winds, the vegetation is comparatively 
thin and made up of drought-resistant, semidesert species. By far 
the greater part of the forage, perhaps 80 per cent, is furnished by 
perennial grasses, of which the most important are the grama grasses, 
three-awn, tobosa, drop-seed, muhlenbergias, burro grass, and wolftail.! 
On large areas of the foothills and mesa, black brush, creosote bush, 
and mesquite predominate; but black brush and creosote bush are 
worthless as forage, and the mesquite is of low value. In figure 
2 the vegetation is classified into range types for all of the Reserve 
except the mountain portion. 

1 Black grama (Bouteloua criopoda) is the most important grass on the Reserve. Biue erama grass (B. 
gracilis) and hairy grama grass (B. hirsuta) are found only in the mountains and foothills. B.curtipendula 
is found in the mountains and on tho mesa. 

Next to the grama grasses in importance are three-awn grasses (known locally as ‘‘needle grasses’”’?)— 
Aristida longiseta, A. pansa,and A. purpurea. “ 

Tobosa grass ( Hilaria mutica). 

The drop-seed grasses include several species, the most important being Sporobolus crypiandrus, S. flex- 
uosus, S. wrightii, S. airoides, S. auriculatus. 

The most important species of muhlenbergias are Muhlenbergia gracillima, and M. porteri. 

Burro grass (Scleropogon brevifolius). 

Wolftail (Lycurus phlecides). 

Blackbrush ( Flowrensia cernua). 


Creosote bush ( Covillea glutinosa). 
Mesquite (Prosopis glandulosa). 
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Originally the only water on the lands now within the Reserve was 
in a number of mountain springs, few of which furnish any consider- 
able flow. Stock water for the plains and mesa, both on the Reserve 
and on the adjacent range lands, is pumped from deep wells by wind- 
mills and engines or is provided by tanks which catch the flood waters. 
As a usual thing, there is not enough water for the stock. 

Before the lands were placed under reservation in 1912 a number 
of individuals had attempted to establish permanent stock ranches — 
on them. But the difficulty and cost of sinking permanent wells, the 
prevalence of droughts, and severe losses discouraged the small 
owners, and their range rights were purchased eventually by a single 
stockman.! Up to the time the Reserve was created, however, no 
adequate provision had been made to prevent overgrazing or to effect 
improvement of the stock. Also, the area lacked adequate facilities 
for handling and caring for the breeding stock in a way to increase the 
ealf crop and prevent losses. Occasionally a small quantity of con- 
centrated feed was used to supplement the range forage, but for the 
most part the efforts along this line were unorganized. 


RANGE IMPROVEMENT BY NATURAL REVEGETATION. 


If the best results are to be secured in range management, both the 
requirements of the vegetation which makes up the forage crop and 
the practical demands of the stock must be kept in mind. These two 
factors are especially important on year-long ranges of the Southwest, 
_ where the time during which there is sufficient moisture for plant 

growth is so short. 

Figure 2 shows that the range in the western portion of the Reserve 
is largely grama and mixed grasses, which make their main growth 
during July, August, and September. ‘This forage is usually preferred | 
by animals while it is green, but it cures well on the stalk and is good 
feed at any time of the year. Consequently it is especially valuable 
as winter range. The forage of the middle portion of the Reserve is 
composed principally of grasses ? which furnish a good class of forage 
when green, but which have little value as feed when mature and dry. 
This class of range is therefore of value primarily during the growing 
season. 


1 Mr. C. T. Turney, who is cooperating with the Forest Service in carrying on the studies. At the time 
the Reserve was created the 200,000-acre range unit was conceded to Mr. Turney by neighboring stockmen 
under common or range rights established through the construction of watering places and the purchase of 

prior rights and improvements of other owners. He leases all State lands and owns certain private lands 
around the wells. The Government furnishes the public lands under reservation for a period long enough 
“to reimburse Mr. Turney for expenditures in conducting the experiments. ‘The investigations are planned 
by the Government and the stockman. Allfencing, water development, and other construction work, as- 
well as extra labor in handling the stock for experimental purposes, are paid for by the cooperator in lieu of 
‘grazing fees on the Government lands. The Government furnishes the men to keep proper records of all 
_experiments and to aid in planning new investigations. 
2 Tobosa grass, drop-seed grasses, muhienbergias, and burro grass, 
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Naturally, therefore, when stock were free to choose between the 
two classes of range at all times of the year, the grama grass was 
overgrazed. Further, the grama-grass forage usually was consumed 
before January, when, if possible, it should have been saved for the 
period of range shortage from January to the beginning of the summer 
rains, usually in July. 

Mainly to provide for improving the overgrazed grama grass by 
giving it an opportunity to grow and reseed itself, but in part to 
reserve a supply of forage for the stock during the critical spring 
months, the grama-grass range was fenced off from the summer range 
and divided into pastures. 

An area of 34,545 acres, designated on the classification map as Pas- 
ture 2, was fenced in the fall of 1912. This area has been used mainly 
for pasturing steers and poor cows taken from the main herd during 
the period from January to July. Each season, during the main 
vegetative growing period of three to four months following the 
summer rains, beginning in 1913, the number of stock has been re- 
duced to a little less than one-half the average carrying capacity of the 
pasture. This reduced number is kept well distributed in relation to 

_the four watering places, in order to avoid as far as practicable having 
any portion of the area grazed heavily. In this way the forage plants 
are given a chance to develop and produce seed. During the other 
eight or nine months of the year; mainly after the vegetation has 
matured, the pasture has been stocked to about 80 per cent of its 

_ estimated maximum carrying capacity. Its full capacity has not 
been utilized, partly as a means of preventing its being overstocked 

while in course of improvement, but mainly with the idea of insuring 

a supply of good feed for poor cows from January to July, or later, 

in case of prolonged drought. 

Adjoining this pasture on the west is a large area of unfenced 
public range, similar in character, but with a larger proportion of the 
pure grama-erass type. If anything, therefore, it might be consid- 
ered as a little better than the pasture area. Prior to the comple- 
tion of the pasture fences in 1912 both areas were grazed throughout 
the year, with a resulting overstocking during the growing season. 
Both areas also had suffered as a result of prolonged drought, which 
killed out a good deal of the grass. They were, therefore, near enough 
alike in character and condition for purposes of comparison. Year- . 
long grazing has been continued on the outside range. It is believed, 
however, that the area has not deteriorated appreciably since 1912, 
because the seasons of 1913 and 1914 were more favorable than the 
average for plant growth. 

Table I compares the amount and character of the vegetation on 
these two areas in 1916, after three years’ light grazing of the pas- 
ture during the growing season. 
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“Taste I— Comparison of vegetation on grama-grass range lightly grazed during the grow~ 
ing seasons of 1918, 1914, and 1915 with that on similar adjoining range grazed year- 
long. 


7 ion.! a i 1 
wyiaaiten All v Hee Good forage Medium forage. 
fOMd ea ee 
watering . p . 
places. |Pasture 2. ee Pasture 2. eee Pasture 2. arg 
Miles 
506 138 325 0 170 138 
1 484 345 445 148 3 196 
14 556 213 517 117 38 
2 497 322 481 168 14 145 
23 567 340 511 268 54 70 
3 517 328 481 222 21 101 
33 529 375 487 208 41 165 
Ces epee tee CTU final Ny rete ASL i |pesaseeske 120 
GPU Greer ee RR) | ose sence HGS Wee sseecoss 18 


1 Figures represent square centimeters of vegetation on each 10,000 square centimeters of area, based 
on Measurements 1 inch above soil surface. 

The chenges in amount and kind of vegetation on the Pasture 2 
range as compared with the outside range during the three years are 
shown graphically in figure 1. . 

The striking features in connection with total vegetation are (1) 
that in the Reserve pasture it is higher from water out and is as great 
at less than one-half mile from watering places as that on the outside 
range about 44 miles from water, and (2) that on the outside range 
it is as great at a point about 5 miles from the watering places as it 
is at any point in the pasture. This last point shows that the out- 
side range is naturally as productive as the pasture, if grazed under 
the same system of management. Grazing at improper seasons and ~ 
overstocking, however, have kept the total vegetation at 70.3 per 
cent of that inside the Reserve. — | 

Total vegetation alone is not, however, a good index of carrying 
capacity or condition of a range, since on overgrazed areas the ten- 
dency is for good forage plants to be replaced by ones of less value. 
The curves for the amount of good forage plants on the two areas 
show that there is more good forage one-half mile from watering 
places in the Reserve pasture than at any point within 3? miles from 
water on the outside area, while Table I shows that there is only 
49 per-cent as much good forage on the outside range as in the pas- 
ture. As in the case of total vegetation, the amount of good forage 
on the outside range gradually increases with distance from water 
until ata point 5 miles from water it is as great as at any point in 
the pasture. 

The most striking features in connection with medium forage are 
i) that there is more on the outside range than in the pasture, except 
near water, and (2) that the amount on the outside range begins to 
decrease at about 34 miles from water, the point at which the good 
‘forage begins to increase rapidly. It will be noted also that in the 
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pasture the amount of medium good forage begins to decrease 
rapidly at about the same distance from water that the good forage 
begins to increase rapidly. This fact is important in showing that 
the good forage plants will eventually crowd out the less valuable 
species if given a chance to grow. 

Besides increasing in density and forage value,.the plants on the 
pasture range have regained their vigor until they produce about 20 
per cent more leaves and stems per plant than do similar plants on 
the outside range. 
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Fic. 1.—Comparative density of vegetation on Pasture 2, Jornada Range Reserve, and adjacent 

outside range. 

Considering the difference in number and kind of plants and the 
difference in the amount of forage produced per plant, it is safe to 
say that the range in Pasture 2 of the Jornada Reserve has improved 
-approximately 50 per cent in producing capacity since it was fenced 
in the fall of 1912, as compared with similar adjoining unfenced 
range, and that this improvement has been brought about pri- 
marily! (1) by light grazing (a little less than half the estimated 


1 Precipitation considerably above normal in 1913 and 1914 no doubt was an important aid to improve- 
ment. The measure of the improvement here given, however, is the difference in condition between the 
fenced ranges and adjoining unfenced range as a result of three years under different management, both 
Tanges bemg under the same climatic conditions. The difference in condition reported is attributed, 
therefore, primarily to the improved management in effect on the controlled range. 
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carrying capacity) for three to four months following the beginning 
of the summer rains, (2) by no overstocking during the other eight 
months, and (3) by better distribution of stock watering places. It 
is believed that the area could have been used to full capacity, but 
not overstocked, during the eight months without retarding the rate 
of improvement. . 

These conclusions are based upon actual count and measurement 
of vegetation on the two ranges. It is of interest that the practical 
stockman who has used the range of the Jornada Reserve for 15 years 
believes that. the range of Pasture 2 has improved about 100 per 
cent since it was fenced in 1913, and that 1 average acre of it is 
now equal in forage value to 2 acres of the adjoining outside range. 

Pasture 5 of the Reserve furnishes additional proof of the value ot 
light stocking or deferred grazing during the growing season. ‘This 
pasture contains 2,815 acres of grama-grass range adjoining Pusture 
2 and similar in character. It is used primarily for saddle stock and 
as a holding pasture when the stock are being worked. Consequently, 
erazing has been heaviest during late summer and early fall, when 
the stock are worked most. 

Pasture 5 furnished during 1916 an average of 365 days’ feed for 
one animal on 22.89 acres. Under the present system of heavy 
grazing during the main growing season this stocking is probably 25 
per cent too heavy. The pasture is running down. In its present 
condition the pure grama-grass area is estimated to have a carrying 
capacity of 25.5 acres per head; agaimst 20.75 acres per head for 
similar grama-grass range in Pasture 2.. This difference of 22 per 
cent in favor of Pasture 2 is attributed to light stocking during the 
eTrowing season. 

The area designated in figure 2 as Pasture 10 also is essentially 
grama grass or mixed grass range, similar to that of Pasture 2. This 
area, like Pasture 2, has been grazed lightly during the main growing 
' season, but has been utilized fully the remainder of the year. As a 
whole, the area has improved more since 1913 than any other part 
of the Reserve. Careful studies show that it is about 10 per cent 
better than similar range in Pasture 2, this difference being attributed 
mainly to more productive soil. Pasture 10 produces at least 50 per 
cent more forage than when it was fenced in 1913. 

The rate of improvement of the grama-grass range under total 
protection against grazing has been studied by means of small fenced - 
areas and the results compared with results secured under light 
stocking during the growing season as reported for Pasture 2. In 
both cases the vegetation had been thinned out and weakened by 
grazing, but there were still enough of the better forage plants left 
to build the range up by natural revegetation. The results to date 
indicate that the improvement has been approximately the same 
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under protection from yearlong grazing as under protection by light 
stocking during the main growing season. . 

The fact that the middle portion of the Reserve is made up largely 
of tobosa-grass flats, which are primarily summer range and stand 
heavy grazing during the growing season, has made it possible to 
remove most of the stock from the grama-grass range while the forage 
there is making its growth. The summer range, however, may need 
some protection during the growing season if it is to be kept in the 
best condition. To this end, additional fences and watering places 
are being provided as rapidly as possible. The biggest problem on 
this class of range, however, is believed to be the proper distribution 
of stock to secure full, even utilization. 

For either light stocking during the main growing season or deferred 
grazing to be successful, there must be enough good forage plants 
remaining on the range to bring about the improvement desired by 
natural seeding or by vegetative development. Where the valuable 
forage plants have been killed out and the soil fertility reduced by 
water or wind erosion, many years of protection or light stocking 
would be required to bring about marked improvement. This con- 
dition is found frequently around watering places on unfenced range. 
Figure 1 shows, for example, that there is very little vegetation of 
any kind and practically no good forage plants within the first half 
mile out from water on the unfenced range. 

There is believed to be no doubt as to the advisability of light 
grazing of the grama-grass range during the growing season. In the 
case of the Jornada Range Reserve, the protection of Pastures 2 and 
10, for example, aside from improving the range with little loss of 
forage any year, has made possible the production of steers which 
brought $2.50 per head more than was paid for the same age and 
class of stock from unfenced range. Further than this, the reserved 
feed has made possible the avoidance of loss among poor cows during 
the spring months and has at the same time been a form of insurance 
against loss in case of prolonged drought. : 

Where the whole of a range unit is made up of grama grass or 
similar grass range, about one-third of the area should be grazed 
lightly during the growing season two years in succession. Each 
third of the unit in its turn should then be given as nearly as possible 
this amount of protection. 


WATER DEVELOPMENT. 


The importance of a well-planned water supply for cattle ranges 
of the Southwest can hardly be overemphasized. Where watering 
places are from 6 to 15 miles apart, the range near water is overgrazed 
and denuded, while that away from water is undergrazed. Loss from 
starvation increases as the distance from feed to water increases,: 

5546°—17—Bull. 588——2 
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and under such conditions the conversion of grass into meat is gen- 
erally inefficient. 

At best, it is dificult to provide enough water on the Jornada 
Range Reserve and on other ranges throughout the Southwest. Lack 
of natural surface water, high cost of boring and maintaining wells, 
uncertainty of obtaining rain and flood water to fill storage tanks, 
and low carrying capacity of the range lands all stand in the way. 
In planning the system of water supply provision should be made first 
for a few permanent watering places which can be relied upon without 
fail in time of drought. With these as a nucleus the system should 
be extended by the construction of enough tanks or other develop- 
ment works to provide for reasonably efficient use of all forage during 
average years. This may appear to be faulty advice, since in time of 
drought all the range is needed to tide the stock over; but the expense 
of providmg enough deep wells to insure the proper use of the range 
is not always justified by the number of stock the range will carry. 

Observations on the Jornada Range Reserve to date indicate that 
fairly good utilization of plas and mesa range can be secured when 
the stock do not have to travel more than 23 miles to water. This 
would mean permanent watering places 5 miles apart, or one to 
approximately 13,200 acres. On the range where grama grasses 
predominate this acreage under fence would carry approximately - 
500 head-of cattle. A deep well equipped with pump, windmill, 
gasoline engine, and storage tank costs from $2,500 to $5,060, 
depending upon depth of well and current prices of materials and 
equipment. Add to this the investment in land, if privately owned, 
and the cost of fences and other improvements, and the total capital 
invested per head of stock would approximate $100. 

As the distance between watering places increases above 5 miles, 
grazing becomes perceptibly uneven, with a varying degree of over- 
grazing around water and undergrazing beyond 24 miles from water. 
Table I and figure 1 show that on tho unfenced range under study 
the greater part of the vegetation had been killed out for a distance 
of 1 mile around the watering place, that the total vegetation in the 
first 2 miles from water is about 50 per cent of what it once was and 
contains) a large number of poor forage species, that on the area 
represented by the second 2 miles from water the total vegetation 
is about 73 per cent of what it should be, with a still large percentage 
of poor forage plants, and that beyond 4 miles from water the range 
is in about normal condition. 

Obviously, the damage to the range in this case enact reduces 
the carrying -eapacity. The loss of both cows and calves during the 
summer of 1916 was much greater on the adjoining open range than 
on the Jornada Reserve, where feed was available within a few miles 
from water. Cases were observed on the outside range where, after 
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grazing out several miles, cows came to water in a weakened condi- 
tion and drank until they dropped and later died. Where the 
animals do not die, the inadequate water supply is reflected in the 
_ retarded growth of young stock and in the decrease in the calf crop. 

The poor cows frequently lose or desert their young calves, which 
then either die or become so stunted in growth that they have little 
chance of living through the winter. 

The question of water supply is a matter of range economics 
influenced by local conditions, value of range, stock, and cost of 
development. With present prices it seems safe as a business propo- 
sition to advise, for the plams range of the Southwest, permanent 
watering places on the basis of range for 500 head. This means a 
distance between watering places of 5 to 6 miles. On the poorer 
range of the foothills the distance will be greater. 

_ This distribution of permanent watermg places wil provide for 
fairly even utilization, but will leave little opportunity for resting 
‘the range during the growing season, especially around water, since 
the animals will tend to graze the green feed near water first. Conse- 
quently, the range will be overgrazed for perhaps one-fourth mile 
from permanent water at best. Where soil and drainage are favor- 
able, it will be economy to supplement the permanent watering 
places with a number of tanks, each of a size suitable to the situation 
and the range to be supplied. 

in the Southwest the rains are often very local. A small portion 
of the range may get a good shower, whereas the range a few miles 
distant may not receive rain during the summer. The cattle natur- 
ally drift to where rain has fallen. When there is 2 tank to catch 
the run-off, the stock will remain in the vicinity sometimes for weeks, 
if the water holds out. Meantime, a shower elsewhere may freshen 
the range and-provide temporary water. 

‘With a system of well-distributed small tanks to supplement the 
permanent watering places, the range around the permanent water 
can frequently be rested durmg the growing season. At the same 
time range away from the permanent water will be used to best 
advantage; the stock will do better than when they must drift in, 
even from 24 to 3 miles, to compete with several hundred others at 
a set of watering troughs; the cost of operating the pumps or engines 
will be reduced; and, perhaps most important of all, the feed near 
permanent watering places will be, to some extent, saved for use 
during dry periods when the temporary watering places fail. 

This system of watering places is being developed rapidly on the 
Jornada Range Reserve. There are now nine permanent wells, 
varying in depth from 175 to 500 feet; 11 springs, five of which are 
of considerable value; one pipe line approximately 8 miles long, with 
watering places every 2 miles; and 15 tanks which hold water from 
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2 to 12 months. All of the wells but one were constructed before the 
range was reserved and are on private land. The pipe line was built 
in 1916 and carries the water from several mountain springs, a dis- 
tance of about 8 miles, to range difficult to provide with water by — 
any other means. At the same time it relieves the range and water 
about the wells, One of the tanks was constructed in 1915 and five 
during 1916 for the double purpose of getting the cattle nearer water 
and relieving the range and water about the wells, springs, and 
permanent tanks.’ 

Of the 15 tanks, one or more caught some of the run-off resulting 
from practically every shower that fell on the Reserve in 1916. In 
several instances this allowed the cattle to get onto fresh feed near 
water and make good gains in condition and at the same time cut 
down the expense of pumping and gave the hard-used range a rest. 

The cost ef the five tanks constructed in 1916 was $787, which 
. includes a reasonable compensation for the use of horses and mules 
employed in the work. The cost per tank varied from $53.40 to $309.* 
The cost per cubic yard of earth in the embankment varied from 
$0.42 to $1.36, including time of travel between town and the tank 
site. A large part of the higher cost was for such travel. Even at 
this high cost the tank is considered a good investment, since it opens 
up range hitherto little used. The smallest of the five tanks should 
hold water at least two months after it is puddled and filled once; 
and the largest about eight months. 

The range of the Reserve is now one of the best estes units in 
southern New Mexico. On about 80 per cent of the area stock do 
not have to travel more than 24 miles to water. This will aid mate- 
rially in carrying the stock through bad years with light losses and 
in good years will permit of increasing the number of stock. Although 
the pipe line and five new tanks were not available for use during the 

dry season of 1916, the fact that the range was as well watered as it 
was had its part in carrying the stock through with a loss of less than 
14 per cent for the year. 

Additional water will be developed, and careful observations will 
be made with the idea of determining more conclusively the point at 
which water development for a given type of range ceases to be a good 
business investment. 

CARRYING CAPACITY. 


To decide the number of stock that a range pasture or large range 
‘unit will carry year after year is one of the most difficult problems of 
Tange management. Private pastures, as well as range lands, are 
often overstocked and slowly depleted unintentionally through lack 
of knowledge of their carrying capacity and the effect of the over- 
stocking upon the forage production. The probiem is complicated 
by the following facts: 
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1. The stand of forage is rarely uniform over any considerable 
acreage of range lands. 

2. Different amounts of forage are produced on the same area in 
different years. 

3. Forage plants vary in power to resist grazing. 

4, Other things being equal, the carrying capacity of dry ranges 
over a period of years is influenced materially by the extent of grazing 
during the growing season of the vegetation. 

5. If there are not enough moe distributed watering places to 
insure even distribution of the stock and even grazing over the 
whole area, the range is depleted around water and undergrazed 
away from water. This may reduce considerably the prmibee of 
stock the area will carry. : 

6. The number of stock carried will depend somewhat upon the 
condition in which the animals are kept—whether merely carried 
through the period, kept in good condition, or fattened. 

7. Reliable data are not available as to the comparative amount 
of range needed for dry stock and cows with calves, or for yearlings 
and mature stock. 

Where so many variables are involved, it is obviously difficult to 
work out figures for carrying capacity eet will‘insure 100 per 
cent efficiency in utilizing large areas of range. It is believed 
possible, however, to work out figures for the more prominent 
types of range which will serve as a safe guide in stocking a 
given unit and in deciding the comparative value of different 
range areas. 

Within the Jornada Range Reserve was found range varying from 
that which will furnish yearlong feed for one mature animal on 
about 20 acres to that which will barely support a mature animal 
on, perhaps, 100 acres. Further, the different types of range are 
somewhat intermixed. To determine the comparative grazing value 
of the different types, a range survey was made of approximately 
150,000 acres. As a result of this, the area has been divided into 
eight more or less distinct types and an estimate made for each of 
the stand of vegetation the stock will eat. This type classifica- 
tion, along with pasture divisions and watering places, is shown in 
figure 2 

For on of the 13 pastures of the Reserve record has been kepu 
of the number of animal days’ feed furnished each month and year, 
and of the percentage of the vegetation left unused or the percentage 
of overstocking. From these data and the data secured by the 
classification and grading of the range, tentative figures of carrying 
capacity have been worked out. They will, of course, be amended 
when necessary to conform to results over a period of years. 
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THE RESERVE AS A WHOLE. 


Of the 202,000 acres of the Reserve, approximately 10,000 acres 
of the mountain area are inaccessible, leaving about 192,000 acres 
either fully or partly used. From May, 1915, to April 30, 1916, 
the average number of stock grazed, including weaned calves and 
horses, was 4,632.16, or an average of one head to 41.45 acres of 
usable range. ‘Taking into account the surplus or shortage of forage 
in each of the 13 pastures, the estimated carrying capacity of the 
whole Reserve in its present condition and stage of development 
is 5,030 head throughout the year, not including unweaned calves. 
- This is at the rate of 38.1 acres per head. The Reserve would no 
doubt carry this many, provided, as at present, supplemental feed 
were used to prevent the loss of poor cows. This would be neces- 
sary in a measure if only 4,000 head were grazed, as there would 
still be some stock in need of special attention. These figures for 
the Reserve as a whoie are of interest merely as showing average 
carrying capacity over large territory, combining plains, foothills, 
and mountain range, such as is found throughout southern New 
Mexico outside of the National Forests. 

As a whole, the range of the Reserve is in better condition than 
the unfenced ranges and is better supplied with stock-watering 
places. Aside from these advantages, better utilization can be 
secured under fence. Consequently, for a similar area of unfenced © 
range in its present condition and development 50 acres per head 
would be a conservatively low figure, if the range and stock are 
to be kept in reasonably good shape. The carrying-capacity figures 
for the main types of range, however, will serve as better guides 
in estimating the number of stock a given range should support. 


GRAMA-GRASS (WINTER) RANGE. 
JORNADA RESERVE. 


The plains where grama grasses form the bulk of the forage con- 
stitute, perhaps, the most important type of range in the Jornada 
- Range Reserve and vicinity. The investigations to date show that 
this type in normal condition, if grazed lightly during the main 
growing season, will furnish 365 days’ feed for one animal per year 
on from 20 to 30 acres, according to the proportion of range types 
other than grama grass. 

Pasture 2 of the Reserve (fig. 2), containing 34,545 acres, has 
supported an average of 1,045 head of stock, yearlings and above 
each year for three years—May 1, 1913, to May 1, 1916. From 
May 1, 1913, to May 1, 1914, it supported an average of 1,260 head. 
It is estimated that the surplus feed averages 20 per cent of the 
total. The pasture, then, if fully utilized, would have carried an 
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average of 1,307 head, or at the rate of 26.4 acres per head for all 
types of range together. 

In Table II the grazing value of the various other range types in 
Pasture 2 are compared with that of the grama-grass type. 


Tasie I].—Acreage and carrying capacity by types of range in Pasture 2, Jornada Range 
Reserve. 


Acres of : 
othertypes, Average! ese 
A if eauieleut ae per anentee 

eres in o 1 acre ead per 
Type of range. Pasture2. | ofgrama | year when heed pen, 
; grass in |80 per cent} eG c 
forage | is utilized. fad 
value. | eee 


Giecis -So96O. & ae ee ee ee Oe 14, 473 1 25 95 20.76 


PUR OS PEASE eee Seer atta as 2S oa iaa ae cctnlcla = fs ace =e 1,658 -92 24.56 19. 64 
Minn GUN CTASSOS Scant mene ance sas nec ete cee concise | 6, 514 1.08 28. 06 22.44 
ARTES ge aS ee ee ees se 721 |} 2.42 62.83 50. 28 
SAPS DLUS MISA hi esc selae  ae el eee. SS | 423 1.59 41.50 33. 20 
WEDS ehTLED Seam GIN D Ps errs Sn Se cel a ee ea, See | 5,922 | 2.98 74.09 59.27 


TET/3 OL 260d Sg ama eae ee [4,834 | 2. 10 54.59 43.67 


1 Average of 3 years, May 1, 1913. to April 30, 1916. 


The condition of the grama-grass range of Pasture 2 is now about 
nornral. In this case about 21 acres per head, yearlings and above, 
will furnish 365 animal-days’ feed over a period of years, provided 
the range is not stocked heavier than approximately one animal to 
40 acres during July, August, September, and October. During _ 
the remainder of the year enough additional stock can be grazed 
to make up for the reduction during the growing season. 

This conclusion is substantiated somewhat by the records for 
Pasture 5 (fig. 2). The grama-grass range of Pasture 5 actually 
furnished 365 animal-days’ feed per 20.4 acres during the year from 
May 1, 1915, to April 30, 1916, though the heaviest grazing was 
during late summer and fall, when it should be light. Study of the 
vegetation on this pasture shows that the condition of the range is 
only approximately 75 per cent as good as similar range in Pasture 
2. This and the fact that there was a shortage of feed in Pasture 
5 led to a decision that the pasture was 25 per cent overstocked 
during 1916. With a reduction of 25 per cent in the total grazing 
during the year, and light stocking during the growing season, it 
is estimated that the forage production can be increased 25 per 
cent in three to four years. The area will then carry stock at the 
rate of 365 animal-days’ feed annually on from 20 to 21 acres of 
the grama-grass area. If heavy grazing during the growing season 
is continued, the carrying capacity will, without doubt, be further 
reduced. 

These two pastures are typical of large areas of plains range where 
the grama, grasses predominate. For such range in good condition, 
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therefore, approximately 27 acres of the combined types, or 21 
acres of grama-grass type alone, will furnish 365 animal-days’ feed 
per year, for yearlings and above, over a period of years, provided 
it is stocked at not more than one-half this rate during July, August, 
September, and most of October. In case of prolonged drought, 
supplemental feed will probably be necessary. Conditions resulting 
from extremely prolonged drought should be met by some plan 
similar to that suggested under prevention of losses, rather than by 
greatly understocking over a period of years. 


UNFENCED RANGE. 


A rough classification was made of unfenced range‘ joming Pas- 
ture 2 and similar in character. Of approximately 98,530 acres, 
about 66,485 is grama-erass type, and the remainder of other range 
types of less grazing value than the grama grass. The best infor- 
mation available indicates that this area has been grazed by a yearly 
- average of about 3,750 head of cattle, yearlings and over, an aver- 
age of 26.3 acres per head for all types. One acre of the grama-grass 
range was estimated as equal to 24 acres of the other types. On 
this basis the total of 98,530 acres would be equivalent to 80,725 
acres of grama grass, or an average of 21.53 acres per head. 

This range was considered overstocked at least 25 per cent for the 
quantity of feed it produces, to say nothing of the absence of a chance 
“to recuperate. The estimated carrying capacity for the area as a 
whole in its present condition, therefore, is about 35 acres per head, 
and for the grama-grass type 27.9 acres per head. The estimated 
carrying capacity of grama-grass renge in Pasture 2 of the Reserve 
is 20.76 acres per head, or 34.4 per cent greater than that of this 
outside range of similar character. 

In the discussion of range improvement by natural reseeding it 
was shown that the total amount of vegetation on this outside range ~ 
is only 70.3 per cent of that m Pasture 2, and the good forage only 
49 per cent, and the conclusion was drawn that Pasture 2 has in- 
creased approximately 50 per cent in forage-producing capacity since 
1913. This apparent discrepancy between the conclusion relative to 
the two ranges based upon vegetation studies alone and that based 
on the number of stock actually carried is accounted for by several 
facts. First, the stock in Pasture 2 have been carried in good condi- 
tion, and poor cows have actually improved during critical periods 
of the year. Stock on the outside range have merely been carried 
over, with some loss from starvation. Second, the estimates of sur- 
plus feed in Pasture 2 were purposely low, and the estimates of over- 
stocking on outside range were likewise low. Further, the data as 
to number of stock on the outside range are estimates only. 


i The tanee here referred tois described under the chapter on range improvement by natural revegeta- 
on, page 5. 
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- These differences in intensity of utilization and condition of thestock, 
together with the conservative estimates where actual measurement 
or count was not possible, will more than account for the 15 per cent 
difference in forage produced and number of stock actually grazed. 
Considermg that the problem was approached by two mdependent 
lines of study, the result is thought to justify the tentative con- 


clusions. 
SUMMER RANGE. 


The other types of range are so intermixed that on no large area of 
any one has it yet been possible to obtain accurate figures of carrying 

capacity. For the combination of types, however, making up what 
- may be considered the summer range, including the tobosa-grass and 
burro-grass flats, and the black brush-creosote bush type extending 
from the flats into the foothills, the figures for the area designated in 
figure 2 as Pasture 13 are fairly representative. 

This pasture contains 9,517 acres, of which 8,912 is a combination 
black brush-creosote bush type. It receives the surplus run-off from 
an area twice to three times its size. There are many small flats 
which flood and which have a high carrying capacity for summer 
range. The general average, however, is greatly lowered by the dry 
ridges and slopes which support little but creosote bush or black 
brush of no value as forage. Black grama and other grasses among 
the brush type furnish considerable feed on the drier parts of the 
flats. 

During 1916 this pasture was grazed heavily in summer and lightly 
in winter, and furnished, on an average, 365 days’ feed for one animal 
(cows, with unweaned calves, and bulls) on 37.4 acres. The area is, 
perhaps, a little better than the average for this class of range. Pas- 
ture 1, containmg 74,714 acres, furnished yearlong grazing during 
1916 at the rate of 45.2 acres per head. It was estimated to be only 
90 per cent stocked, which would give a carrying capacity, if fully 
stocked, of 40.7 acres per head. ‘The indications are that this class of 
range as a whole will support one animal throughout the year on from 
38 to 45 acres, according to the proportion of flats subject to flooding 
and to the extent of the range similar to that shown in Plate VIII. 


MOUNTAIN RANGE. 


The lower hills and mountaim range on the west slope of the San 
Andreas Mountains in 1916 furnished 365 days” feed for one animal 
(yearlings and horses) on each 53.33 acres. The area was regarded 
as about 15 per cent overstocked, since the animals did not hold up 
well, and portions of the range near water were slightly overgrazed. 
This area, therefore, will support only one head to each 60 acres until 
more water is developed. There are a number of barren areas and 
inaccessible spots. Three additional stock-watering tanks were con- 
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structed in 1916, which will slightly mcerease the carrying capacity 
and aid m bringing the stock through in better shape. The general 
character of this range is shown in Plate IX. 


INCREASE IN CALF CROP AND IMPROVEMENT IN GRADE OF STOCK, 


Reports received from stockmen during 1914 in connection with 
an investigation of live-stock production on western ranges showed 
an average calf crop of 66 per cent for New Mexico and 57 per cent 
for Arizona.’ This figure for New Mexico as a whole is believed to 
be too high for the ranges of the southern part of the State. Grant- 
ing that it is not, however, there would still seem to be a good chance 
for a bigger calf crop, provided it is practicable to keep the breeding 
stock, both cows and bulls, in better condition throughout the year 
and to secure the proper distribution of bulls. _ 

In giving the additional feed and care required for an increase in 
the calf crop, the possibility of improving at the same time the 
average grade and value of the individual animal should not be lost 
sight of. Supplemental feed should be given to a cow or bull capable 
of producing a calf worth $30, in preference to an animal capable 
of producing a calf worth only $25 or $27.50. Preference should also 
be given an animal capable of producing a steer with the qualities 
necessary for good feeders. 

When the studies to determine the possibilities of increasing the 
calf crop and improving the grade of stock were begun in 1915, the 
female stock of breeding age on the Jornada Range Reserve numbered 
approximately 1,950 head. The bulk of these were fairly good grade- 
Herefords; but about 500 or 600 head were of low grade, off color, 
and old Mexico stock. 

Five hundred of the best Hereford cows and heifers and 20 of the 
best Hereford bulls were selected in the summer of 1915 and given 
a summer pasture and a winter pasture away from other stock. 
In November the cows were dehorned and branded with a special 
brand for this herd and its increase. The record started November 
19, 1915, with 500 cows, 20 bulls,.and no calves. 

Karly in 1916 the 20 bulls were replaced by registered Hereford 
bulls purchased in the Panhandle of Texas. The least desirable of 
this lot have, in turn, been replaced by the pick of a carload of regis- 
tered Herefords purchased of the Kansas Hereford Breeders’ Asso- 
ciation in November, 1916. 

Until February 1, 1916, both female stock and bulls were left on 
the range. The bulls and a few thin cows about to drop calves were 
then placed in a small pasture and fed cottonseed cake to supple- 
ment the range feed. The number on feed was added to from time 


1 Report 110, U. S. D. A. The Meat Situation in the United States, Part II, p. 23. 
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to time until, by the end of March, 225 head were being fed a small 
quantity of cottonseed cake each time they came to water. The 
feeding was discontinued April 19, when the grass started to grow. 
The spring was a dry one, however, and range forage practically 
stopped growing in early June. Consequently, 146 cows with small 
calves were again started on cottonseed cake on June 7 and fed to 
to July 19. The cows were not in danger of starvation, but were 
thin. The feeding was done primarily to keep them in thrifty con- 
dition so as to insure, if possible, a good calf crop the following year. 

During the feeding from February 1 to April 19, a total of 18,850 
pounds of cottonseed cake was fed in 15,588 feeds, or slightly over 
1 pound per head at each feeding. A total of 6,800 pounds was fed 
in 3,528 feeds during June and July, making a total of 25,650 pounds 
of cake fed during the year. If all of the 500 cows and 20 bulls are 
considered, this would amount to slightly less than 50 pounds per 

head. 

In the matter of range the special herd had no advantage over the 
other stock except to be by themselves. This made it possible to 
watch them more closely and Lee out those in need of special feed. 
Approximately half of one man’s time was spent in caring for the 
herd. This involved riding the fences, looking after watering places, 
feeding, and general care. 

From the beginning of the herd record, November 17, 1915, to 
November 17, 1916, a total of 406 calves were branded. With a 
herd of 500. cows, this amounts to. a calf crop of 81 per cent. Over 
96 per cent of the calves had good Hereford color and markings and 
for the most part had good eee straight tops and underlines, and as 
a whole showed up well. It is true that the experimental herd were 
selected cows, and it is possible that the selection of a number of 

2-year-old heifers slightly increased the number of calves. This 
advantage, however, was probably offset by the extra handling of 
the stock when they were selected, dehorned, and branded, and by 
the dry year. It is hoped that an average calf crop of 81 per cent 
or better can be produced without materially increasing the quantity 
_ of supplemental feed. 

The loss for the year amounted to five cows and, so far as known, 
five calves, four of which died before branding. This loss of approxi- 
mately 1 per cent is exceptionally small and probably will be ex- 
ceeded slightly in future years, even with more ‘favorable range con- 
ditions and better care. It is believed, however, that the average 
loss in this herd can be kept within 2 per cent for cows and 4 per cent 
for calves. 

Selection of the 500 cows for the special breeding herd left about 
1,450 female stock of breeding age in the main herd on the Reserve. 
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Most of these were run throughout the year on Pasture 1 (fig. 2), 
containing 74,714 acres, mainly of the black-brush and creosote-bush 
type, and rolling mesquite and sandhill range, with a small propor- 
tion of tobosa-grass flats. During the summer of 1915, 325 low- 
grade, off-color, and otherwise undesirable cows were cut out and 
sold in one bunch, and a number of others were butchered for the 
local market. In the fall of 1916 a lot of 101 head were cut out 
and sold as ‘‘canners.’’ The culling of nearly 500 head and their 
replacement by heifers of good Hereford grade has improved vastly 
the appearance as well as the average grade and value of the 
breeding herd. Similar culling has been done among the bulls and 
will be continued each year. Sales will be made primarily from the 
culls and from the less desirable heifers produced, reserving selected 
heifers for the ranch herd. 

The management of this main herd was similar to that of the — 
special herd, but less intensive. About 75 per cent of the bulls and 
2 per cent of the poorest cows were fed cottonseed cake at the rate 
of 14 pounds per head each time they came to water, usually every 
day, during February, March, and April. The stock of this herd 
were not maintained in as thrifty condition as those of the special 
herd during the early spring, but were equally as good in late sum- 
mer and fall. 

From 1,522 cows, 1,053 calves, or 69.2 per cent, were branded in 
1916, as against 81 per cent for the special herd, making an average 
of 72 per cent for the Reserve as a whole. 

The known loss from this herd was 8 cows, a little over one- 
half of 1 per cent, and 11 calves, a little over 1 per cent. The pas- 
ture is large and rather rough and brushy, making it difficult to 
determine the loss with absolute accuracy. The whole area was 
worked thoroughly several times during the year, however, and it is 
not probable that any appreciable loss was overlooked. 

On a unit as large as the Jornada Range Reserve it is difficult to 
get, accurate records of the calf crop, even when under fence, and 
next to impossible to secure corresponding data for large herds on 
adjoiming unfenced range. From such data as could be secured it 
seems doubtful whether the average calf crop on range lands in 
southern New Mexico in 1916 was as high as 60 per cent. This 
figure is believed to be rather high for the calf crop over a period of 
years back. Even taking as an average the 66 per cent calf crop 
reported by stockmen for New Mexico as a whole, the average calf 
crop of 72 per cent for Jornada Reserve, with 81 per cent ‘for the 
special herd, shows marked possibilities. 

The most important single factor influencing the calf crop under 
conditions such as those on the Jornada Reserve is the condition of 
the breeding stock. Cows which are barely able to totter to and 
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from feed and water can not be expected, after dropping a calf, to 
breed as soon again, or in as large proportion, as those which are 
kept in thrifty condition. Unless the range is supplemented by 
concentrated food, a large percentage of cows, especialiy those 
suckling young calves during the winter, are very thin in flesh and 
low in vitality by the time green grass comes on southern New 
Mexico ranges. 

The biggest possibility for increasing the calf crop lies in keeping 
these cows, not fat, but strong and thrifty enough to enable them to 
breed promptly, and in feeding the bulls so that they will be able to 
do the work expected of them. Although the one year’s results at 
the Jornada Range Reserve do not justify final conclusions as to the 
results, over a period of years, from better care and the use of sup- 
plemental feed, they do justify serious consideration by spocemien of 
employing this means to increase the calf crop. 

Beginning in 1917, from 50 to 75 of the least desirable cows orig- 
inally selected for the 500-head special breeding herd will be culled 
out and replaced by heifers selected from the 1915 calf crop of this 
herd. These heifers will be kept from the bulls until approximately 
20 months old, since it is believed that the general practice in the 
Southwest of breeding yearling heifers has a tendency to decrease 
the average size of the stock and to increase loss, without increasing 
the number of calves produced over a period of years sufficiently to 
compensate for the disadvantages. This point will be carefully 
observed. Each year part of the-original 500 head will be replaced 
by selected heifers, with the idea of building up the grade of the herd. 
The cows taken out and the surplus of heifers froia the increase wiil 
be used to replace less desirable breeding animals in the main herd 
of the Reserve. : 
PREVENTION OF LOSS. 


All things considered, the biggest hazard of the stock industry on 
the desert and semidesert ranges of the Southwest is the occurrence 
of heavy losses during years when there is little or no rainfall. In 
the past such losses often have wiped out in one season the accumu- 
lated profits of years. The southwestern range stockman is con- 
fronted constantly with the possibility that next year may be a bad 
one. 


HOLDING RANGE FORAGE FOR USE DURING CRITICAL SPRING MONTHS. 


In average years the most dangerous period is from February to 
the beginning of the summer rains, usually in July. When no rains 
come and the dry period extends throughout the year, the situation 
is critical, The first step in providing for both the average and the 
emergency year should be to save a good portion of the grama-grass 
range for use from February to July. Some range must be available 
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for this period, and it is economy to hold the grama grass, since it 
retains its feeding value better than other range. 

This practice has worked well at the Jornada Range Reserve. 
Pasture 10, of 12,293 acres, mainly grama grass, is reserved largely 
for the 500-head breeding herd from November or December until 
ereen feed comes the following year on the summer range. This 
means that the bulk of the feed of Pasture 10 is available for the 
critical part of the year. Pasture 2, of 34,545 acres, mostly grama 
erass, is grazed lightly during the growing season, mainly by steers 
and by breeding cows which need extra care during winter and 
spring. About 250 thin cows and their calves from the main breed- 
ing herd were carried through the critical dry period of spring and 
summer in 1916 by the dry grama grass reserved in Pasture 2. 
Without this feed a number of them would undoubtedly have died. 
The special breeding herd of 500 was held mainly in Pasture 10 until 
July. Loss from starvation was prevented by supplementing the 
dry grama grass with a small quantity of cottonseed cake. 

In order to have additional range for the breeding stock in espe- 
cially critical years, about one-third of the carrying capacity of the 
Reserve in average years is used for steers. In good years the steer 
stock can be increased as a means of completely utilizing the forage 
and in bad years, if necessary, part or all of the steers can be sold, 
thus releasing one-third more range for the breeding stock. There 
is usually a ready market during the spring and summer for steers 
for shipment to northern ranges, so that sales can be made without 
any great sacrifice. In addition to preventing loss, this plan makes 
it possible to build up the breeding stock without interference from 
forced sales of female stock. 

This plan worked well in 1916. Range conditions were observed 
carefully during the dry spring, and on May 1 1,573 head of steers 
were sold. In average years they would have been replaced by pur- 
chase of yearling steers, but owing to the unfavorable season this was 
not done. The extra feed was held for the breeding stock. - 


CONCENTRATED FEED (COTTONSEED CAKE) TO SUPPLEMENT RANGE FORAGE. 


Although the plan of reserving range feed and, when necessary, 
reducing the number of steers by sale will aid a good deal in reducing 
the loss from starvation; it will not do away with it altogether, nor 
will it prevent the breeding stock from getting too thin, nor insure 
that the growth of calves and young stock will not be retarded greatly. 
It will be necessary, even in average years, to supplement the range 
forage with some concentrated feed, such as cottonseed cake. The 
percentage of the stock which will need feed and the period of feeding 
will depend largely upon tne year. 
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The spring and summer of 1916 were more severe than the average 
and, although there was a good deal of dry grama grass available up 
to the time the rains came, it was advisable to feed considerable cake, 
mainly to breeding cows, weaned calves, and bulls. 

A total of 25,650 pounds of cake was fed to the special herd of 500 
breeding cows and 20 bulls. About 75 per cent of the herd were 
“caked” at one time or another. The cake cost approximately $40 
per ton, or a total of $534 at the feed yards on the Reserve.. As a 
result of this feeding not a single animal was lost from starvation, 
the calves were kept growing in spite of the fact that many of them 
were mothered by 2-year-old heifers, and the cows and bulls were 
kept in iair breeding condition. 

There is some question as to the advisability of feeding cake to 
calves weaned in the fail from the time of weaning until green grass 
comes. The advantages of such feeding are that it keeps the calves 
erowing, or in condition to make rapid growth when green feed 
comes; that it prevents loss from starvation; and that it makes it 
possible to take the calves from thin cows at an earlier age than is 
advisable where the calves must winter on dry range alone. These 
considerations are important, but it is difficult to measure them in 
dollars and cents for comparison with costs. Observations over 
several seasons, however, indicate that such feeding pays. 

During the fall and winter of 1915-16 about 700 head of weaned 
calves were fed on cake to supplement the range feed. The quantity 
of feed used and costs were as follows: 


37.2 tons cottonseed cake at $36 per ton at railroad.......-..--- $1, 361. 50 
Hauling cottonseed cake to Reserve from railroad at $3 per ton. 111. 60 
Peoples cilia en Spee bf Veen ere ee oo be 72. 50 
Hauling alfalfa hay to the Reserve........------.--.--------- 9. 00 
Labor and board for feeding, 6 months at $40 per month. . .---- 240. 00 
: 1, 794. 60 

Average cost per head for 700 head......-- DS Cn ak 2. 56 


The alfalfa hay was used in mixture with the cake until the calves 
learned to eat the cake alone. The average feed of cake was 1.8 
pounds. fs 

The value of keeping the calves growing is apparent in the sales of 
steers. From the 700 head caked, 100 head of long yearlings were 
cut out and placed with the 2-year-old steers for sale May 1, 1916. 
The steers were sold by the head, with the privilege of a 10 per cent 
cut. When the cut was made, 101 of the older steers were cut back 
and finally sold at $10 per head less than the sale price for the herd. 
Not one of the caked yearlings was included in the cut. The 2-year- 
olds cut back had not been caked as calves following weaning. The 
remainder of the steer calves fed during the winter of 1915-16 were 
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held on the Reserve during the summer and winter and were sold for 
May delivery, 1917, at from $2 to $2.50 per head more than was paid 
by the same buyer for other steers of the same age in the vicinity of the 
Reserve. 

It would seem, therefore, that the increased value of the calves as a 
result of caking more than paid for the cost of feed and feeding, to 
say nothing of the small loss of calves and the advantage to thin 
cows in having their calves weaned early. The total loss of calves 
and yearlings from starvation on the Reserve during 1916 was three 
head, two of which were “dogie’”’ calves not fed, and the third appar- 
ently died of starvation in the pastures through failure to come: in 
to feed and water. Up to April 1, 1917, equally good results have 
been secured in eliminating loss from starvation. 


PROVIDING ROUGHAGE. 


The feeding of cottonseed cake does not do away with the necessity 
for roughage, either in the form of range forage or in some other form. 
The dry cured forage on the range will usually meet this need, but in 
case of prolonged drought, such as occasionally comes in the south- 
west, the supply of range feed may become exhausted. To meet such 
emergencies, it would be a distinct advantage to accumulate a reserve 
supply of roughage in the form of hay or ensilage ee the more 
favorable years. 5 

With this in view, two pit silos, lined with cement, were constructed 
in 1915. In horse one of about 20 tons’ capacity was filled with 
tobosa grass sine a small quantity of soap weed. The tobosa grass 
was cut just before it matured and was run through an ensilage ma- 
chine into the silo. Late in the winter of 1916 the silo was cpcned and 
the ensilage fed to 2-year-old steers and milk cows. Even though the 
stock were thin, they refused tc eat the ensilage to any extent. A 
small quantity of tobosa grass was cut and put up as hay. This also 
the stock refused to eat unless starved to it. It is doubtful if tobosa 
grass will be of any reai eccnomic value, either as hay or ensilage. 

The other silo has a capacity of about 200 tons. In early December, 
1915, about 150 tons of soap weed (Yucca elata) was gathered and 
run through an ensilage cutter into this silo. The top was covered 
with straw and earth and left closed until March, 1916. The silo 
was then opened, and a few poor cows were fed a ration of the soap- 
weed ensilage once a day. Most of them learned to eat it quickly 
and with relish. About 10 tons of the ensilage was fed with en- 
couraging results. The pit was then closed; it will be opened later, 
when there is need of supplemental feed. 

During the short interval between filling and opening the silo the 
coarse fiber of the soap-weed leaves had softened a good deal; but it 
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was still rather tough, and the stock had difficulty in eating it. This 
was due, in large part, to the fact that the ensilage machine used 
would not chop the thick, tough leaves fine enough. Portions 6 
inches long were not uncommon. A machine which would chop the 
leaves into smaller pieces would improve the ensilage a good deal. 

The soap weed can be cut, hauled, and put into the silo at a cost 
of $2 to $2.50 per ton, not including cost of the silo. It takes two or 
more years after the first cutting for the plants to produce a growth 
of leaves large enough for a second. It would not be practicable 
therefore to fill a silo each year in the same place. This, of course, is 
something of a disadvantage. 

Though the test has just begun, it seems probable that soap weed 
may prove of considerable value as ensilage.. Further tests will be 
made to determine feeding value and secure more complete data on 
costs and returns. 


PREVENTION OF BLACKLEG. 


During the month of May, 1915, more than 50 head of young steers 
out of approximately 1,000 head in one pasture of the Reserve died 
of blackleg.. Prior to this time losses were rather heavy among the 
weaned calves. A campaign for systematic vaccination of all stock 
between the ages of approximately 5 months and 20 months was 
started in the fall of 1915 and has been continued to date. 

The vaccination is done, for the most part, during the fall round-up 
and again during the early spring. The idea is to vaccinate twice a 
year. as a preventive of blacklee, not as a cure. About 2,500 doses 
of the Government blackleg vaccine were administered during 1916. 
The vaccine was prepared carefully and administered carefully and 
every reasonable precaution taken to insure thoroughness. The 
area is large, however, and it is next to impossible to get all the ani- 
mals for vaccination at the proper time. Consequently a small loss 
is expected. The test, however, is a demonstration of what can be 
accomplished under range conditions on a large scale. 

_A loss of 27 head during 1916 was attributed to blackleg; but in 
the case of at least three of these there was some doubt as to the’ cause 
of death, since the animals were not found until several days after- 
wards. ‘This means a loss for the year of approximately 1 per cent of 
the average number of stock between the ages of 5 and 20 months, 
but less than 1 per cent of the total stock of susceptible age. On the 
basis of the average number of stock on the Reserve during the year, 
it is equivalent to a loss of a little over one-half of 1 per cent. One 
stockman on range adjoining the Reserve reported a loss of 100 head 
from blackleg during the first half of 1916 from approximately the 
same number of stock as are on the Reserve. 
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The total losses on the Reserve from June 1, 1915, the time that 
the department representatives began an active part in the campaign 
against loss, until December 31, 1916, was 54 head of all classes, or at 
the rate of 1.9 per cent annually. The total losses from January 1, 
1916, to December 31, 1916, were 66 head, or 1.5 per cent. The 1916 
losses included 13 cows, 2 bulls, 35 yearlings, 4 branded calves, and 
12 unbranded calves. Possibly a few head were missed, so that the 
total might be slightly higher, but not appreciably so. 

Reports received from stockmen in connection with the investi- 
gation of live-stock production on western ranges in 1914 showed 
average losses for New Mexico as follows: Calves up to 12 months of 
age, 10.6 per cent; yearlings, 5.6 per cent; stock over 2 years old, 
5.8 per cent. If these figures are approximately correct, and it is 
believed that they are, the small losses at the Jornada Range Reserve 
since June 1, 1915, show decidedly encouraging possibilities for reduc- 
ing losses from starvation, blackleg, straying, and other causes. 
Records for a period of years will be necessary for comparison with 
the figures cited for New Mexico as a whole. The results at the 
Reserve to date, however, justify serious consideration by stockmen. 
Systematic vaccination is possible under range conditions. It should 
be done as a preventive, and not as a cure after the diseaseis prevalent 
in a herd. Much can be accomplished also in preventing loss from 
starvation, even on the open range, though it can not be handled 
with the same efficiency as on fenced areas. 


CONCLUSIONS. 


RANGE IMPROVEMENT BY NATURAL REVEGETATION. 


Primarily as aresult of (1) reducing the number of stock during the 
main growing season of about four months—July to October—to about 
half the average number the area will carry for the year, (2) not over- 
stocking during the other eight months, and (3) better distribution 
of stock watering places, grama-grass range on the Jornada Range 
Reserve has improved in three years at least 50 per cent, as com- 
pared with similar adjoining unfenced range grazed yearlong. Obser- 
vations to date indicate that range thus lightly grazed during the 
main growing season has improved approximately to the same extent 
as similar range protected from grazing the entire year. 

On fenced grama-grass ranges of the Southwest where the stock are 
carried mainly on range feed throughout the year, ight stocking 
during the growing season is profitable. It will probably not reduce 
the total animal-days’ feed furnished on a given area during the year, 
and will reserve feed for the critical period from February to July, 
or later in case of: prolonged drought. 
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Where the whole of a range unit is made up of grama or similar 
grass, about one-third of the area should probably be reserved for 
light grazing durmg the growing season two years in succession. 
Each third in turn should be given as nearly as practicable this 
amount of protection. By hght grazing is meant grazing by not 
more than half the average number of stock that the area will carry 
for the year as a whole. 

WATER DEVELOPMENT. 


Fairly efficient use of plains and mesa range in the Southwest can 
be secured where stock do not have to travel more than 24 miles to 
water. This means one watering place for each 13,200 acres. Such 
an acreage of grama-grass range will carry about 500 cattle through- 
out the year if properly managed. 

As the distance in excess of 24 miles which stock have to travel 
to water increases, the barren area around water increases, as does 
also the partly used forage beyond 2% miles from water. Con- 
sequently the number of stock the range will support is reduced. 
When feed is short, a long distance between feed and water tends 
to increase the loss of stock, to decrease the calf crop, and to retard 
development of the young animals. 

Observations to date appear to justify one permanent watering 
place for each 500 head of cattle. Where conditions are favorable, 
the construction of tanks to catch flood waters for the purpose of 
supplementing the permanent watering places will be a paying 
investment. They will aid (1) in getting more green feed for the 
stock during the year, (2) in more even utilization of the range as a 
whole, (3) in the protection of feed and range near permanent water, 
and (4) in reducing the cost of maintenance and operation of wells. 


CARRYING CAPACITY. 


During 1916 the Jornada Range Reserve as a whole supported one 
animal, not including unweaned calves, on an average of 41.45 acres. 
The estimated maximum carrying capacity of the Reserve in its present 
stage of development is 38.1 acres per head. The estimated carrying 
capacity of similar unfenced range in its present average Sib 
is at least 50 acres per head. 

The range on the plains, where grama grasses form the bulk of the 
forage, will support stock throughout the year at the average rate 
of one head to from 20 to 30 acres, depending upon the proportion 
of the real grama-grass type. This aes: is for range in good condi- 
tion, fairly weil supplied with stock water, and which is lightly stocked 

during the growing season. 

The range comprising tobosa-grass flats, along drainage lines, and 
slopes back to the foothills will support stock throughout the year 
at the average rate of one head to from 38 to 45 acres, depending 
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upon the percentage of tobosa flats which receive flood water. Such 
areas are of higher forage value than the average for this class of 
range as a whole. 

The mountain range of the Jornada Range Reserve will support 
stock at the rate of approximately 60 acres per head in its present 
stage of development. 

All of the foregoing estimates are on the basis of carrying the stock 
through average or slightly less than average years in fairly good 
condition. If loss from starvation is to be eliminated, a small per- 
centage of the poor stock will have to be fed cottonseed cake or 
other feed to supplement range forage. 


INCREASE IN CALF CROP AND IMPROVEMENT IN GRADE OF STOCK. 


From 500 selected cows and 20 bulls, held in pastures away from 
other stock since August, 1915, an 81 per cent calf crop was branded 
in 1916. It is expected that this figure will probably be an average 
one ovér a period of years. From the remaining cows of breeding 
age, amounting to 1,522 head run together in one pasture of 74,714 
acres, a 69.2 per cent calf crop was branded. ‘The average calf crop 
for the Reserve was 72 per cent. It is doubtful whether the average 
calf crop on adjoining unfenced range in 1916 reached 60 per cent, 
and this figure is believed to be a high average for the calf crop on 
these ranges for a period of years past. 

A total of approximately 50 pounds of cottonseed cake per head 
was fed to the 500 cows and 20 bulls of the selected breeding herd 
on the Reserve. The work of caring for this herd took half of one 
man’s time. All of the bulls and perhaps 75 per cent of the cows were 
fed cake. To this special care and the fact that they were unmo- 
lested by other stock is attributed the large calf crop. In the herd 
having 1,522 head only 2 per cent of the cows and only 75 per cent 
of the bulls were caked. This and the fact that so many animals 
were run in one large brushy area, making adequate bull service 
difficult, are believed to be largely responsible for the difference of 
11.8 per cent in the calf crop of the two herds. If so, the extra 
calves in the special herd far more than pay for the extra feed and 
labor. 

The big opportunity for increasing the calf crop is to keep poor 
cows in thrifty condition. This can be done by not overstocking 
the range used by breeding stock and by feeding a small quantity of 
cottonseed cake or other supplemental feed to the cows that need it. 
Indications are that this is a good business proposition. All bulls 
should be fed during the winter and early spring. 

By avoiding overstocking and by using supplemental feed the’ 
improvement of the average animal should pay, at least in part, for 
the decrease in number of stock and increase in cost of care. The 
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increase in the calf crop will pay for the greater part, if not all, of 
the increased expense. Marked improvement in average grade is 
noticeable among stock of the Jornada Reserve as a result of selling 
off about 25 per cent of the poor-grade, off-colored, and otherwise 
undesirable stock, and replacing them by good grade heifers. 


PREVENTION OF LOSS. 


The average loss of stock on the Jornada Range Reserve, June 1 
to December 31, 1915, was at the rate of 1.9 per cent for a year; 
the average loss in 1916 was 1.5 per cent. The average losses for 
New Mexico are approximately 10.6 per cent for calves to 12 months 
of age, 5.6 per cent for yearlings, and 5.8 per cent for other stock. 

The small loss at the Jornada Reserve is attributed to careful, 
systematic vaccination against blackleg, to the reservation of grama- 
erass range for poor stock during the critical spring months, to 
feeding the animals a small quantity of cottonseed cake, and to 
prevention of straying. 

Yn order to provide for extra range for the breeding stock in poor 
years, one-third of the stock on a range unit should be steers._ It 
is then possible to reduce the number of stock, when necessary, by 
selling steers, without great sacrifice and without interfering with 
the breeding stock. In good years the number of steers can be 
increased and in bad years decreased: 

To provide against loss in extremely bad years, some kind of 
roughage to supplement the range forage, for feeding with cottonseed 
cake. or other concentrated feed, would be a decided advantage on 
southwestern ranges. Ensilage made from soap weed (Yucca elata) 
has been tried, and the results are promising, but not extensive 
‘enough to warrant definite conclusions. 

Feeding cottonseed cake to calves weaned during the late fall, 
winter, and early spring is an important factor in cutting down loss 
and increasing the size of the stock, as well as in increasing the calf 
crop. Where this is done, young calves can be taken from poor 
cows, thus reducing loss from starvation among both cows and calves 
and stimulating earlier breeding. Indications are that such feeding 
is a good business venture from the standpoint of mcreased value of 
the calves, aside from decreasing the loss from starvation. 

Range feed not more than 24 miles from water is a big factor in 
cutting down loss from starvation, especially where little or no sup- 
plemental feeding is done. 

The possibilities of decreasing loss justify more attention on the 
part of stockmen to careful, systematic vaccination as a preventive of 
blackleg and to picking out and feeding stock in need of special care. 
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ENACTMENT OF THE LAW. 


During the Forty-second Congress a law was passed to prevent 
cruelty to animals while in the course of interstate transportation, 
which was approved by the President on March 3, 1873, and incor- 
porated in the Revised Statutes of the United States, first edition, 
as sections 4386 to 4390, inclusive. This law was enacted to prevent 
any carrier from transporting animals in interstate commerce for 
a longer period than 28 consecutive hours without unloading for the 
purpose of rest, water, and feeding for at least 5 consecutive hours 
before continuing their transportation. If, however, the animals 
were carried in cars, boats, or other vessels in which they could and 
did receive proper food, water, and rest, the statute permitted the 
carrier to transport them without unloading. 

To comply with the act, it became necessary for the transportation 
companies to provide feeding, watering, and resting facilities at 


17The authors acknowledge the cooperation in this work of Mr. J. V. De Laney, who at 
the time was in the service of the Bureau of Animal Industry. 


5775°—18—Bull. 589—_1 if 


) 


2 BULLETIN 589, U. S, DEPARTMENT OF AGRICULTURE. 


convenient places on their lines, separated in distance according to 
running schedules, so as to be able to unload the stock each 28 hours 
during their journey to destination. In the construction of the 
inclosures or pens into which the animals were to be unloaded little 
if any consideration was given to the habits, requirements, and com- 
fort of the different classes of animals handled. So long as the pens 
were inclosed by a fence and the animals were unloaded within the 
28 hours, the transportation companies considered that they had 
complied with the law. Fences of sufficient height and strength to 
restrain the animals were not provided in many cases, and a round- 
up of cattle which had either broken down or jumped over such 
fences was necessary before reloading could be commenced. Water- 
ing troughs often were not provided, and the absence of feeding 
racks was very general. No thought whatever was given to the com- 
fort of the animals in the way of providing a dry place to lie down 
for rest. 

On account of the poorly constructed pens and inadequate resting, 
watering, and feeding facilities and the frequent unloading of the 
animals, considerable dissatisfaction arose among the shippers. This, 
together with the changes in the way of improved railroad transpor- 
tation and the increasing size and importance of some of the live- 
stock markets, led to the repeal of the act of 1873 and the enactment 
of the present law, commonly know as the 28-hour law, which was 
approved and became effective on June 29, 1906, and was committed 
to the Secretary of Agriculture for enforcement. The new law cor- 
rected some of the defects of the act of 1873 and made possible the 
elimination of some of the abuses practiced under that statute. 


PURPOSE OF THE LAW. 


While the 28-hour law was enacted primarily for humane reasons, 
to reduce to a minimum the cruelty incident to the transportation 
of live stock, it also protects the interests of owners of animals and 
of the public, in preventing the health and condition of the animals 
from being injured while in transit. To have his stock reach the 
market in as nearly the same condition as when it leaves the farm or 
the ranch is the object of every stockman and shipper. This can be 
accomplished only by giving the animals while they are in transit the 
care, attention, feed, water, and rest to which they have been ac- 
customed, or as nearly so as possible. If animals are confined in 
cars for an excessive period without feed, water, or rest, or if after 
being confined in the cars for a period of 28 or 36 hours they are 
unloaded into a pen too small for them to rest or even move about, or 
too muddy to le down, or if the proper kind and amount of feed 
and water are not suppled, or if in the unloading or reloading 
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process the animals are beaten, thrown from the cars, or otherwise 
brutally treated, the object desired by the shippers and intended by 
the law is not attained. The live stock as the result of such treat- 
ment arrive at destination in a feverish condition and the quality 
of the meat may be affected if the animals are slaughtered while 
in that state. 

The main purpose of the statute, however, is to prevent cruelty to 
animals while in the course of transportation. How well it has 
served this purpose may be judged from the fact that whereas for- 
merly it was not uncommon for carriers to confine animals in cars 
for periods of 50 to 60 hours or even more, now the carriers, as a 
whole, are endeavoring to unload them within the statutory period 
and to give them proper care and treatment when unloaded. 


REQUIREMENTS OF THE LAW. 
PROPER FEED AND WATER. 


The statute requires that the animals while in the course of inter- 
state transportation shall be provided with proper feed and water 
at the expiration of each period of 28 hours unless the owner or per- 
son in custody of the live stock has authorized their confinement in 
the cars for an additional 8 hours, in which event it is required that 
the animals be furnished with proper feed and water at the end of 
every 36 hours by the shipper, but if he fails to meet this requirement, 
the transportation company must do it for him. This additional 8 
hours of authorized confinement is one of the provisions in the law 
of 1906 which did not appear in the law of 1873, and enables the 
shipper to get his live stock to market in many instances without the 
necessity for unloading the animals, avoiding the delay, inconven- 
ience, and feeding expense incident thereto. The majority of ship- 
pers avail themselves of this privilege. There are, however, some 
serious abuses practiced in this connection which are mentioned later. 

By proper feed and water is meant not only sufficient feed to allay 
hunger and sufficient water to quench thirst, but the feed and water 
must be of a proper quality and must be furnished at proper intervals. 
It is not required that feed be furnished in quantity large enough 
for fattening, but enough to satisfy hunger and thereby keep the ani- 
mals quiet and contented during their journey to destination. 

The amount of feed which should be given to various classes of 
animals varies with the length of time between feedings and the 
weights of the animals. It is believed that for each 24 hours the 
ration for horses and cattle should be not less than 14 pounds of hay 
to each hundredweight of animal; for sheep, not less than 13 pounds 
of hay to each hundredweight of animal; and for hogs, not less 
_ than 1 pound of shelled corn, or its equivalent in ear corn or other 
grain, to each hundredweight of animal. 
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When animals are transported in “palace” or similar stock cars. 
or with emigrant outfits, or in specially equipped cars conveying 
show animals and blooded stock in which they can and do have proper 
feed, water, space, and opportunity to rest, the provisions in regard 
to their being unloaded do not apply. However, in cases where ani- 
mals are fed in the cars care should be exercised to distribute properly 
through each car sufficient feed for each animal, so that none will be 
deprived of the opportunity to get its share. 

In the watering of the animals the water in all cases should be 
clean. As a general rule, live stock will not drink dirty or polluted 
water. Where the watering is done in the cars it is necessary that 
the troughs be thoroughly cleaned out before the water is turned into 
them, and each animal should be allowed to drink its fill. While 
the watering of live stock in the cars has been found to be rather un- 
satisfactory, if the watering is to be done in this manner the troughs 
should be large and deep enough so that the water will not run out, 
and they should be so constructed as to be readily placed in opera- 
tion and yet so arranged that the animals can not tilt them over. 
They should also be so placed in the cars that all the animals can get 
to them. It is not a compliance with the law to water the animals 
on one side of the car, while those on the other side receive no water 
whatever, or an insufficient quantity. 


SUFFICIENT REST. 


It is permitted by the law to transport animals without unloading, 
provided they are carried in cars in which they can and do have 
proper feed and water and in which sufficient space is provided for 
all the animals to le down at the same time. [f all of these condi- 
tions are not met, the law\requires that the animals be unloaded at 
the expiration of a period of 28 hours, or, if a request has been signed 
by the owner or person in custody of the live stock, at the expiration 
of a period of 36 hours. Railroad regulations establish a minimum 
weight of carload lots for various kinds of animals. In order that 
a shipper may benefit by this, it often is necessary for him to overload 
the car as regards space, especially in the case of long-wooled sheep, 
canner cows, feeder cattle, and mixed lots of animals. In such cases 
it will readily be seen that the stock do not and can not have sufli- 
cient space for all to lie down at one time. Under such conditions 
it is a verry common occurrence to find one or more animals either 
crippled or trampled to death on account of being unable to rise after 
having lain down to rest. 

When unloaded, it is required that the animals have at least 5 
consecutive hours of rest. The conditions must be such that animals 
can rest properly. It is obvious that when animals are placed in 
yards filled with mud, water, snow, or slush, or which are not pro- 
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vided with a proper shelter from rain, snow, wind, and sun, they 
can not obtain rest, for, as a general rule, they will not lie down in 
such surroundings. 

HUMANE HANDLING. 


The law is a humane measure, intended not only to prevent the car- 
rier from transporting animals in interstate commerce for long 
periods, but also to provide that they be unloaded in a humane man- 

ner into properly equipped pens for rest, water, and feeding. The 
cruel treatment of animals in the past in their handling and care 
while in transportation not only reduced their food value, but led to 
numerous claims against the railroad companies and finally to the 
enactment of the present law. Many instances have been observed in 
which the most brutal treatment has been given to the animals, result- 
ing many times in severely injuring them. There have even been cases 
where hogs and sheep were crippled purposely by the persons unload- 
ing the animals, for the financial betterment of their employers. The 
provision as to humane handling of the animals was added to the re- 
quirements when the law of 1906 was passed, no such requirement ap- 
pearing in the prior statute. The handling of live stock in a humane 
manner protects not only the animals, but the interests of the owners 
-and of the public, because it helps in placing the stock upon the mar- 
Ket in good condition; it incidentally benefits the carrier as well. 


PROPERLY EQUIPPED PENS. 


The law of 1906 requires that animals shall be unloaded into prop- 
erly equipped pens for rest, water, and feeding. While the statute 
does not require a carrier to maintain any particular kind of equip- 
ment of its stock pens, permanent or otherwise, except in so far as to 
render them suitable for the humane purpose of the act, it is neces- 
sary to make such provision as will meet the weather conditions of 
the different seasons of the year, so as to provide for the protection 
of the animals from the elements. In erecting such pens considera- 
tion should be given to the kind of animals to be handled; the feed- 
“ing, watering, and resting facilities; drainage; weather protection, 
and lighting for night handling. In the winter time, particularly 
in the northern parts of the country, protection from cold, storms, 
snow, sleet, and winds must be provided. For this purpose a portion, 
at least, of the yards should be covered. It will also be necessary to 
have some such provision made for the protection of the animals 
from the hot sun in the summer time, particularly in the Southern 
States. 

The yards should be so equipped that it will not be necessary to 
feed and water hogs and other animals, especially horses or sheep, 
from the same troughs, as other animals will not eat or drink from 
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troughs which are also used for hogs. The feeding of hay to cattle 
or other stock on the ground might enable the carrier to comply 
with the law where the ground is dry; but in open pens when it rains. 
or snows the ground becomes muddy, and the animals will trample 
the feed into the mud and then refuse to eat it. Pens into which hogs 
are unloaded should have a floor of some hard substance, on account 
of the tendency of hogs to root. During cold weather, also, hogs will 
make depressions in unpaved pens and then lie down in them, piling 
one on another to keep warm. In this way some hogs are smothered. 

In constructing a properly equipped feeding yard the floor space, 
including pens and alleys, should be filled in with cinders or other 
suitable material and allowed to settle, then paved with rough brick 
or roughened concrete, and properly sloped for drainage. <A portion 
of the yards should be covered and boarded up on the north and west 
sides and so arranged that at least a 243-foot space just above the 
level of the yard fence can be opened during warm weather to allow 
a good circulation of air. (See fig. 5.) 

All pens should be equipped with watering and feeding facilities 
for the particular kind of animals to be handled, and no yard should 
have less than 50 feet of feeding-rack space and 15 feet of watering 
trough. Yards in which double decks of sheep are yarded should 
have between 80 and 100 feet of feeding-rack space. Water troughs. 
of sufficient size (approximately 15 feet long, 12 inches deep, and 12 
to 15 inches wide for each single-deck yard) to allow the animals to 
get their fill within a short time should be provided, and each trough 
should be drained directly from the plug to the sewer, which will 
allow the water to drain from the troughs, thereby avoiding freezing 
in the winter and stagnant water in the summer. Each trough should 
be provided with a separate shut-off for the water, and the hydrant 
boxes should be packed properly during the winter to avoid freezing. 
As before indicated, yards that are used for both hogs and other ani- 
mals should be equipped with two sets of watering troughs. Feeding 
racks built with boards running parallel with the length of the rack 
at which sheep are fed should have a space of at least 74 inches be-- 
tween the boards, about 18 to 20 inches from the floor, which will 
allow the heads of the sheep free access into the rack and out again 
while feeding. Vertical slats of round iron should be about 74 inches 
apart in order that the sheep may get at the hay readily. Sufficient 
lighting facilities should be installed for loading and unloading dur- 
ing the night; an example of this is seen in Plate I, figure 1. 

Loading and unloading chutes and docks should be built to acom- 
modate the kind of animals handled. Figure 1 illustrates a good 
arrangement for unloading double-deck cars. 

Fences for the yards should be of sufficient height and strength 
to restrain the animals properly. The yards should be drained 
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properly by a sewerage system of some kind, and each yard should 
be sloped toward the sewer connection. Each trough also should 
have a separate sewer connection. In providing unloading chutes 
for horses care should be taken to avoid sharp turns, and injury 
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Fie. 1.—A good arrangement for unloading double-deck cars. 


while loading and unloading can be averted by having the yards con- 
nected with an alley leading directly to the unloading chute. 

In size a single yard should measure approximately 25 by 40 feet, 
with the gate connecting with the alley placed near the corner of the 
yard. The alley should be about 10 feet wide, which should be the 
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Fic. 1.—STOCK PENS WITH GOOD LIGHTING ARRANGEMENTS. 


Fic. 2.—A POORLY EQUIPPED YARD. 


PLATE I. 
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Fig. 1.—PooRLy EQUIPPED YARD WITH DILAPIDATED GATE. : 


Fla. 2.—SECTION OF PEN SHOWING POOR WATERING FACILITIES. 
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widths of the yard gates also. The accompanying illustrations (figs. 
3, 4,5, and 6) show some of the features of a properly equipped yard 
cr pen. 

ABUSES UNDER THE LAW. 


In their attempts to comply with the older statute, carriers con- 
sidered apparently that it was only necessary to unload the animals 
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Fic. 3.—Plan of single yard for unloading stock. 


every 28 hours into some sort of inclosure or pen which in many 
cases was not even provided with watering troughs. Under these 
conditions the animals were not protected from the cold winter 
winds or the hot sun during the summer, and were compelled to stand 
in mud or water or in snow and slush sometimes knee deep. 
Although shippers frequently complained, temporary relief only 
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Fig. 4.—Side view of yard shown in figure 3. 


was afforded by resurfacing the yards with cinders or gravel. Little 

attention was paid to the quality or quantity of feed given the 

animals, or whether they were fed at all, the railroads asserting that 

it was the duty of the shipper to feed and care for the stock in 

transit. ‘They overlooked the fact that if the shipper did not feed 

the animals it was their duty to do so. This Jed to the practice of 
5775°—18—Bull. 589 ——2 
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individuals building and maintaining private yards where the stock 
was cared for at a stated cost if the shippers desired. These yards 
were far from perfect in equipment as well as in the service given, 
but in most cases they were an improvement on the old conditions 
provided by the railroads. This again led the carriers to think that 
if they conveyed the stock to such yards, no matter what the service 
er condition of the yards or when the animals were unloaded, their 
liability was ended. 

Little attention was given to the class of men who handled the 
stock. The man who could make the most noise and wield the 
“ prodpole” most dextrously was considered the most valuable, no 
thought being given to the comfort of the animals. In some yards 
a trough for watering all classes of animals was all that was pro- 
vided, while in a great many yards no troughs were provided. In 
most cases it was found that one trough 14 to 16 feet long was sup- 
posed to water any 
amount of stock, from 
one car of cattle to 
7,000 sheep, within 
the period of five 
hours. Often the 
troughs were in such 
condition they would 
not hold water, and 
the only way the 
stock could quench 
their thirst was by 
drinking from the stagnant pools or from the overflow into the mud, 
manure, and other filth in the corrals. Sometimes the troughs were 
so high that it was impossible for hogs or sheep to drink. In other 
cases the troughs were used as a wallow by hogs, and subsequent ship- 
ments of sheep, horses, and cattle were supposed to drink from them. 

When a shipment of sheep or cattle has been driven several miles 
before loading, and perhaps confined in cars 36 hours in the summer 
heat, and is then subjected to the conditions described, the suffering 
and loss in deaths and excessive shrinkage can readily be imagined. 
The feeding was done in a haphazard way. No definite quantity 
was required for any class of animals, and often it was thrown into 
the mud or dirt so that little of it was eaten. Certain classes of 
shippers would use dry feed for at least 48 hours before reaching 
market centers; giving no water whatever, thinking that the stock 
would then drink an excessive quantity of water and that the weight 
would be greater than if they were watered at regular intervals. 
When the first cold weather came the water in the pipes at the feed-_ 
ing and watering stations froze, and remained so until the warm 


lig. 5.—End view of covered section of yard, showing 
doors to be dropped for ventilation. 
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- weather of the spring thawed it out. At one point the water froze 
’ in December, and although no more water was available until March, 
~ over 1,000 cars of stock were handled there and were supposed to 
‘have been watered. It was, in fact, a greater hardship to the ani- 
mals to have them unloaded under such conditions as then existed 
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Pic. 6.—Details of equipment for yard shown in figure 3. 


than to carry them on to their destinations. The provision in the 
new law requiring that when live stock are unleaded it shall be into 
properly equipped pens has in a large measure overcome these abuses. 
The old law required the carriers to unload the animals at the end 

of every 28 hours; the present law permits the extension of the time 
to 36 hours upon the written request of the owner or person in cus- 
_tody of the shipment. This privilege generally is insisted on by the 
transportation companies, the argument being advanced that it en- 


12 BULLETIN 589, U. S. DEPARTMENT OF AGRICULTURE: 


ables the shipper to get his stock to market sooner, and that he is _ 
benefited through not having to pay for feeding his animals at sev- — 

eral points in transit to market. It appears, also, that some carriers: 
have resorted to the practice of marking their waybills to show that 
the confinement of the animals for a period of 36 hours has been 
authorized by the owner or shipper, when, as a matter of fact, such 
was not the case. 

The law requires that the request for extension of the period of 
confinement from 28 to 36 hours shall be a written one. A separate 
request must be made for each particular shipment. This require- 
ment was included in the law in order that the owner or shipper of 
live stock should exercise his own judgment as to the necessity of 
additional time. In other words, Congress believed that 28 hours 
was long enough, as a general rule, to keep live stock confined with- 
out feed, water, and rest; but the shipper or owner of the animals 
was allowed, if he thought it wise or to his interests, to authorize the 
carrier to continue the confinement of his animals for 8 hours more. 
Some carriers have procured such requests from the shippers upon 
the threat that they would unload the animals before even the 28-hour 
period had elapsed, unless the 36-hour requests were signed. The 
result of these practices is the practical abrogation of the 28- eter 
law and the substitution therefor of a 36-hour law. 

There seems to be a. belief on the part of many of the agents of the 
railroads that oral requests by shippers to continue their live stock 
in transit for 36 hours before unloading for feed, water, and rest 
comply with the law. This is not so, and carriers should instruct 
their agents accordingly. In many cases such instructions would 
obviate the necessity for the Government to institute prosecutions 
and would save the railroads from the payment of penalties for the 
failure on the part of their agents to secure written instead of verbal 
requests. 

Another practice which scmetimes has been followed by some of 
the carriers is that of placing upon the waybills and other shipping 
memoranda wrong notations as to the times of loading or reload- — 
ing. As the various employees of the carriers along the line rely 
upon this information as correct, this often results in the confine- 
ment of the animals beyond the statutory period and the institution 
of prosecutions against the carriers for violations of the law. This 
is another instance in which the railroads undoubtedly could save 
themselves considerable money and inconvenience by issuing instruc- 
tions to their employees that notations made upon the waybills or — 
other records should be strictly correct. The Government has no 
- alternative but to prosecute the carriers when animals are confined 
beyond the statutory period without feed, water, or rest owing to. 
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the carelessness, or it may be the willfulness, of some employee who 
placed incorrect notations upon the billing. 

Another particular in which some improvement can and should 
be made is the handling of emigrant and express shipments. Such 
shipments usually originate at some small station. The person in 
charge of emigrant movables usually loads the stock in a corner of 
the car; and if they have to be unloaded, it would be necessary first 
to unload a part of the farm implements or household goods. In 
the case of crated animais the crate may be too small, but the fact 
that it is a crated animal seems to be sufficient excuse for the express 
company to take it for granted that the animal has plenty of room 
to le down and rest. Fortunately, however, the greater number of 
express shipments are for short distances. Some of the roads now 
have the conductor on each division inspect such shipments to see 
that there is sufficient room and water and feed; and if any one 
element is lacking, the stock is unloaded. Some of the express com- 
panies have promised to do the same thing. If this practice is made 
universal, it will aid greatly in the observance of the law and will 
save the Government from instituting suits. 

Another practice which has been resorted to by some of the carriers 
is the marking of their waybills so as to show that the animals had 
been unloaded, fed, watered, and rested, when, as a matter of fact, 
no feed or water was supplied, and in some instances the animals 
were not even taken out of the cars. This practice, it was found in 
some cases, was carried on without the knowledge of the higher 
officials of the roads and contrary to the explicit instructions of the 
operating officers. 


RESULTS ACCOMPLISHED. 
IMPROVED YARDS. 


Since the enactment of the present law many of the railroads have 
improved the yards and pens into which animals are unloaded for 
feed, water, and rest. Some of the improvements have been installed 
voluntarily. Suggestions offered by the officials of the Bureau of 
Animal Industry as to how such yards should be constructed to 
meet the requirements of the law have been adopted cheerfully and 
gladly by some carriers. It must be said, however, that other roads 
have improved their yards and pens only after the Government was 
obliged to resort to prosecution because of the inadequate facilities 
provided. On the whole, the general conditions in this respect are 
much better than they were 10 years ago. The expenditures in this 
direction by some of the roads have amounted to many thousands of 
dollars. But this money has been well expended, as is evidenced by 
the fact that such roads now have comparatively few violations of 
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the law, whereas formerly violations were numbered by the hun- 
dreds. The stockmen who ship over these roads have commented 
on the fact that their live stock now receive better treatment than 
formerly. 

Formerly, in the Northwest, where the winters are longer and more 
severe, no shelter of consequence was provided for the animals from 
the cold. Repeatedly animals were frozen in the yards after 
unloading. When the attention of the head officials was called to 
such conditions and the results obtained on other lines were pointed 
out to them, they at once asked for advice and aid from the depart- 
ment, with the result that great improvements have been made at 
the feeding points and also in the running time of the trains. Live- 
stock exchanges and associations and stockmen in general have 
spoken in the warmest praise of these improvements. The railroads, 
too, have seen the big saving in losses and claims as well as in train- 
crew time. Yards have been paved, electric lights installed for un- 
loading at night, sheds built for shelter, watering facilities improved, 
more care used in the selection of men to run the yards and handle 
the stock, and more attention paid to the kind and quantity of feed 
furnished. No yard of consequence in that section now lacks a rea- 
sonable amount of shelter. for the stock and paving for at least a part 
of the yards, and the shipper always is assured of dry conditions no 
matter what the time of year may be. : 

Plate I, figure 2, Plate II, and Plate IV, figure 1, show some 
examples of poor conditions at some yards where live stock were 
supposed to rest, water, and feed. These photographs were taken 
several years ago. Plate IV, figures 2 and 3, and Plate V show 
yards which are regarded as proper for the feeding, watering, and 
resting of live stock. 


IMPROVED FEEDING AND WATERING FACILITIES. 


At one of the so-called “contract feeding stations” on the line of 
one of the largest railroads it was customary to feed animals in the 
cars, particularly hogs, by throwing the feed into the cars through 
openings between the slats as the train moved slowly by the feed 
bins. This resulted in much of the feed falling to the ground, and, 
since the feeding was done from but one side of the train, many of 
the animals on the opposite side from the feeding platforms received 
no feed. At this place the animals were watered in the cars, but as 
this also was done only on one side of the train the animals on the op- 
posite side received little if any water. This practice resulted in some 
of the animals being confined in the cars without any water whatever 
for from 60 to 72 hours, and specific cases have been disclosed in which 
the confinement had continued as long as 100 hours. In accordance 
with suggestions offered by the officials of the Bureau of Animal In- 
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dustry to the higher officials of some of the roads handling live stock 
in this manner, the feeding and watering facilities were, at con- 
siderable cost, remodeled or rebuilt to meet the requirements of the 
law so that now it may be said that live stock are being fed and 
watered by those roads in a much more satisfactory manner than 
formerly. This, too, has resulted in fewer violations upon the part of 
those roads. 

On another road pens have been provided with concrete floors and 
sufficient feeding space for all the animals to eat at one time. The 
watering troughs are ample in size and number and are constructed 
with sewer connections so that they can be drained easily. These 
pens are covered and entirely inclosed on three sides, 4 feet of the 
sides being equipped with drop doors so that they can be opened 
during the summer months for ventilation and closed during in- 
clement weather, the roof being high enough for all classes of ani- 
mals. Asa general rule, however, for the entire country it is believed 
that yards or pens partially covered on the side exposed to the winter 
winds will furnish sufficient protection to the animals. 


INADEQUACY OF ‘‘ FEED-AND-WATER”’ CARS. 


The desire to get to market in as short a time as possible led some 
of the stockmen to prevail on the roads to build so-called “ feed-and- 
water” cars. These cars had small metal troughs built in the sides. 
Hay was thrown on the floor of the car or put into overhead racks. 
As the cars were loaded as full as possible, it can readily be seen that 
the stock had no chance to rest. Often the animals were thus con- 
fined for periods of from 60 to 100 hours. It was found upon care- 
ful examination of thousands of such cars arriving at one of the 
largest stock markets in the East that the watering facilities of com- 
paratively few cars were in such condition as to be of value for water- 
ing the stock. The troughs or pans were bent out of shape, broken, 
or rusted and full of holes so that water would not remain in them. 
It was also found that in many instances the chains and levers for 
raising and lowering the troughs were disconnected, broken, or miss- 
ing entirely, and in many cases where the troughs were in working 
condition they were so narrow that horned cattle could not drink 
from them. 

On account of the generally unsatisfactory results obtained by this 
method of watering, some of the railroads have discontinued entirely 
the use of “ feed-and-water ” cars and are unloading the animals into 
properly equipped pens for feed, water, and rest. The aid and co- 
operation of the department was asked by these roads, with the result 
that live-stock handling, both on the cars and at feeding points when 
unloaded, became more nearly ideal, and claims for losses and damages 
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to live stock and violations of the 28-hour law were reduced about 
70 per cent. Officials of one of the largest roads, which abandoned 
the practice of feeding and watering in the cars and built yards for 
the proper care of the animals, now say that they have far fewer com- 
plaints, less loss, fewer claims for damages, and less expense for train 
crews, as it often took several hours to set the cars so that the stock 
could get water in them. 

It has been found also that in some cases where hogs are fed and 
watered in the cars the bottom of the car has been made a trough or 
receptacle for water. This is regarded as most unsatisfactory. Such 
a car is bound to have an accumulation of manure, urine, and other 
filth, so that instead of the animals receiving pure water they are 
compelled to drink a mixture containing their own excretions. Corn 
was then thrown into this filth. As soon as the attention of some 
roads was called to this insanitary method of feeding and watering 
animals in the cars the practice was stopped. 


BETTER LOADING AND UNLOADING FACILITIES. 


At some points very poor facilities were provided for loading and 
unloading live stock, particularly double-deck cars of sheep. While 
the law provides that they shall be unloaded in a humane manner, 
the sheeprsometimes were thrown bodily from the cars. No running 
board was used to unload the top deck, and the animals would either 
be obliged to jump a distance of several feet or land on top of those 
coming out of the lower deck. Dogs were put into the cars to drive 
out the sheep. A picture of a good loading and unloading chute is 
shown in Plate III, figure 1. A glance at figure 2 shows that condi- 
tions are not always the best. 

The distance between the unloading platform and the car was 
often so great’that the rush of animals, particularly cattle and 
sheep, in loading or unloading crowded one or more off the plat- 
form and down between the car and the dock. On numerous occa- 
sions this resulted in permanent injury to the animals, and in some 
cases cattle had to be killed before they could be removed. 

Some roads contended that they were not required to unload sheep 
at night, or that it could not be done. They were informed that 
darkness is no excuse for not unloading within the legal limit. It 
has been demonstrated to them that with electric lights installed at 
proper places in the yards the stock could be handled in a satisfac- 
tory manner. Officials of roads which have tried this plan say that 
within three months after installing such lighting systems they had 
saved more from employees’ wages, loss of stock, and damages to 
stock than was expended for this improvement. 
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Fig. 1.—A GooD UNLOADING CHUTE FOR DouBLE-DECK Cars. 


Fic. 2.—A DILAPIDATED LOADING AND UNLOADING CHUTE. 
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Fia. 1.—YARD SHOWING MupDY SURFACE AND PooR EQUIPMENT. 
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Fia. 2.—SAME YARD AS ABOVE AFTER RECONSTRUCTION. 


Fic. 3.—BACK OF YARD SHOWN IN Fic. 2, SHOWING PROPER HOUSING FOR PROTECTION 
OF STOCK IN BAD WEATHER. 
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REMOVAL OF INCOMPETENT EMPLOYEES. 


In the administration of the law it has been found in some in- 
stances that violations have been caused by incompetent employees 
who have, for one reason or another, disobeyed the official instrue- 
tions of the roads. There have also been cases where those employed 
to feed and water the animals had entered into agreements with other 
employees of the roads to furnish less feed than required by the 
schedules and divide the amount paid by the shippers for proper 
service. When these conditions have been made known to the higher 
officials by the department, it has resulted in many instances in the 
dismissal of those responsible for such irregularities. The operating 
officials of a number of roads have adopted systems whereby each 
shipment of live stock which arrives at the market center is checked, 
and if any have been confined beyond the statutory period immediate 
action is taken to locate the person at fault and to discipline, often- 
times by dismissal, the employees responsible for the violations. 


IMPROVED TRAIN SCHEDULES. 


Some of the railroads have revised their train schedules to pro- 
vide for the transportation of live stock to market with greater dis- 
patch so that in some cases it will not be necessary to unload them 
at all and in others not as often as formerly. Other roads have 
placed special stock trains in operation, running on certain days each 
week and maintaining an advertised schedule from the stock ship- 
ping centers to the larger markets. These trains make connection 
with pick-up or local trains of their own and connecting roads, and 
in this manner have done away with the necessity for unloading in 
transit many shipments which formerly were stopped at least once 
for feed, water, and rest. 


VIOLATIONS AND PENALTIES. 


Since the enactment of the present law in 1906 there have been 
reported for prosecution up to and including June 30, 1917, 8,948 
violations of the statute, and a total of $426,818.08 has been collected 
in penalties in the 11 years covered by this period. The administra- 
tive officials, however, are more desirous of securing compliance with 
the provisions of the law than the imposing of penalties. 


FURTHER IMPROVEMENT DESIRABLE. 


While much has been accomplished up to the present time, some 
room for improvement in the handling of live stock still remains. 
Tt is believed that if the carriers will cooperate more with the Gov- 
ernment better results will be obtained and fewer prosecutions will 
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be required. The department always is glad to furnish the carriers 
and others with suggestions and all the information it has as to the 
best methods of handling live stock so as to comply with the terms of 
the law. Some of the larger roads already have sought such advice 
and have sent their traffic and operating officials, as well as expert 
engineers, to points where live stock are handled with the object of 
improving their methods and facilities. As a result they now give 
better treatment to the animals and violations of the law are reduced 
to the minimum. The department on a number of occasions has 
sent an inspector to feeding points in company with the railroad 
officials and given suggestions as to the construction of yards and 
their equipment. 


TEXT OF PRESENT LAW. 


AN ACT To prevent cruelty to animals while in transit by railroad or other means of 
transportation from one State or Territory or the District of Columbia into or through 
another State or Territory or the District of Columbia, and repealing sections forty-three 
hundred and eighty-six, forty-three hundred and eighty-seven, forty-three hundred and 
eighty-eight, forty-three hundred and eighty-nine, and forty-three hundred and ninety 
of the United States Revised Statutes. 

Be it enacted by the Senate and House of Representatives of the United States 
of America in Congress assembled, That no railroad, express company, car com- 
pany, common earrier other than by water, or the receiver, trustee, or lessee 
of any of them, whose road forms any part of a line of road over which cattle, 
sheep, Swine, or other animals shall be conveyed from one State or Territory 
or the District of Columbia into or through another State or Territory or the 
District of Columbia, or the owners or masters of steam, sailing, or other ves- 
sels carrying or transporting cattle, sheep, Swine, or other animals from one 
State or Territory or the District of Columbia into or through another State or 
Territory or the District of Columbia, shall confine the same in ears, boats, or 
vessels of any description for a period longer than twenty-eight consecutive 
hours without unloading the same in a humane manner, into properly equipped 
pens for rest, water, and feeding, for a period of at least five consecutive hours, 
unless prevented by storm or by other accidental or unavoidable causes which 
ean not be anticipated or avoided by the exercise of due diligence and fore- 
sight: Provided, That upon the written request of the owner or person in cus- 
tedy of that particular shipment, which written request shall be separate and 
apart from any printed bill of lading, or other railroad form, the time of con- 
finement may be extended to thirty-six hours. In estimating such confinement 
the time consumed in loading and unloading shall not be considered, but the time 
during which the animals have been confined without such rest or food or 
water on connecting roads shall be included, it being the intent of this act to 
prohibit their continuous confinement beyond the period of twenty-eight hours, 
except upon the contingencies hereinbefore stated: Provided, That it shall not 
be required that sheep be unloaded in the nighttime, but where the time expires 
in the nighttime in case of sheep the same may continue in transit to a suitable 
place for unloading, subject to the aforesaid limitation of thirty-six hours. 

Sec. 2. That animals so unloaded shall be properly fed and watered during 
such rest either by the owner or person having the custody thereof, or in case 
of his default in so doing then by the railroad, express company, car company, 
common carrier other than by water, or the receiver, trustee, or lessee of any 
of them, or by the owners or masters of boats or vessels transporting the same, 
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at the reasonable expense of the owner or person in custody thereof, and such 
railroad, express company, car company, common earrier other than by water, 
receiver, trustee, or lessee of any of them, owners or masters, shall in such case 
have a lien upon such animals for food, care, and custody furnished, collectible 
at their destination in the same manner as the transportation charges are col- 
lected, and shall not be liable for any detention of such animals, when such 
detention is of reasonable duration, to enable compliance with section one of 
this act; but nothing in this section shall be construed to prevent the owner or 
shipper of animals from furnishing food therefor it he so desires. 

Sec. 3. That any railroad, express company, car company, common carrier 

other than by water, or the receiver, trustee, or lessee of any of them, or the 
master or owner of any steam, sailing, or other vessel who knowingly and will- 
fully fails to comply with the provisions of the two preceding sections shall for 
every such failure be liable for and forfeit and pay a penalty of not less than 
one hundred nor more than five hundred dollars: Provided, That when animals 
are carried in cars, boats, or other vessels in which they can and do have proper 
food, water, space, and opportunity to rest the provisions in regard to their 
being unloaded shall not apply. 
- Sec. 4. That the penalty created by the preceding section shall be recovered 
by civil action in the name of the United States in the circuit or district court 
holden within the district where the violation may have been committed or the 
person or corporation resides or carries on business; and it shall be the duty 
of United States attorneys to prosecute all violations of this act reported by the 
Secretary of Agriculture, or which come to their notice or knowledge by other 
means. 

Sec. 5. That sections forty-three hundred and eighty-six, forty-three hundred 
and eighty-seven, forty-three hundred and eighty-eight, forty-three hundred and 
eighty-nine, and forty-three hundred and ninety of the Revised Statutes of the 
United States be, and the same are hereby, repealed. 

Approved, June 29, 1906. 
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INTRODUCTION. 


A study of the accounting systems in use in fruit shipping organi- 
zations in the West and Pacific Northwest has disclosed a wide varia- 
tion in methods and forms, for the detail of the accounting procedure 
has been allowed to be affected greatly by the varying plans of 
organization, kind of products handled, and local conditions generally. 

In standardizing accounting forms and procedure, it was deemed 
advisable to confine all efforts to devismg a system for use in local 
or assembling associations which market their output through a sell- 
ing agent and which may or may not operate community packing- 
houses. Minor modifications of the system and the introduction of 
other forms may be found advisable in adapting the system to the 
requirements of associations acting in the dual capacity of assembling 
and selling organizations, in which case it may be found necessary to 
provide a record for the segregation of the sale of the fruit by dis- 
tricts. Since there is a wide variation among organizations in this 
particular, and since local conditions govern the matter, no attempt 
has been made to cover this point. 


Note.—This bulletin should be of interest to all fruit shipping organizations and particularly to those 
operating under the procedure which now exists in the Pacific Northwest. 


1J. H. Conn, assistant in Market Business Practice, was actively associated in the devising of the 
forms and the experimental operation of the system. 
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After a first-hand study of the conditions prevailing in fruit ship- 
ping organizations had been made, the system was devised and in- 
stalled in eight representative concerns, where its operation was 
closely supervised. In the final draft of the forms, frequent refer- 
ence was made to the forms of other systems, as well as to the general 
procedure now in use in some of the organizations. 

The system outlined in this bulletin is intended to cover all opera- 
tions incident to the handling of growers’ supplies and of the growers’ 
fruit, from the time it is received at the packing-house until final 
returns have been made for it. The aim has been to avoid duplica- 
tion and to reduce.clerical work; care has been used to provide a 
method applicable to the working conditions of the local offices, which 
are not always favorable, and to allow for a proper division of labor. 

The benefits to be derived from the adoption of a uniform system 
of accounting are obvious, particularly the possibilities of the imter- 
change of information between organizations, which is now of little 
or no value on account of the different treatment accorded the ac- 
counts in the various organizations. This is true especially in respect 
to general costs of operation and packing-house costs, and it is hoped 
that the information contained in this bulletin will aid the organiza- 
tions in a standardization of these costs. 


BOOKKEEPING. 


The bookkeeping for fruit shipping organizations, particularly if 
they are farmers’ organizations, involves several features not found 
in other lines of business. Numerous important details are to be 
looked after, some of which, occurrmg during the height of the ship- 
ping season, may seem unimportant and be allowed to pass unre- 
corded. When, however, their true significance and their relation to 
the balance of the record is realized, all operations will be suspended 
until the unfinished work has been brought up to date. 

The tendency in some offices to allow a portion of the work to go 
unrecorded, awaiting the close of the season before entering it, is 
open to severe criticism. By that time the data may be so widely 
scattered that it is a difficult matter to accumulate the desired facts. 
A fixed daily office routine should be adopted, and the accounting 
work kept up to date. It is incumbent upon the manager to follow 
the operations of all departments of the business closely, and he 
should require from the bookkeeper, promptly at the close of the 
month’s business, (1) a trial balance of the general ledger; (2) trial 
balances of the mercantile and fruit ledgers, the totals of which must 
agree with the balances appearing on their respective controlling 
accounts; and (38) a reconciliation of the balance of cash in the bank, 
appearing on the cash journal, with the balance as shown on the 
bank pass book or statement. 
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OFFICE EQUIPMENT. 


The business of shipping fruit is seasonal, and intense work and 
long hours are the lot of the bookkeepers for a portion of the year. 
The location and equipment of the office, therefore, should receive 
careful attention. Good work can not be accomplished in an ill- 
lighted, poorly ventilated office, or in one so poorly constructed as 
to render adequate heating impossible. Proper equipment will facil- 
itate the office procedure and justify the expenditure in its purchase 
in a relatively short time by the elimination of extra help. The 
equipment should include a fireproof vault, safe, or steel cabinet of 
sufficient size to contain the records of the business, a suitable desk 
for the manager, a flat top desk and a standing desk for the book- 
keeper, a typewriter and desk, a table, correspondence and record 
files, a standard adding and listing machine, a check protector, desk 
trays and clip boards, all of which are necessary and almost indispen- 
sable adjuncts of the modern office. If the size of the organization 
warrants it, the addition of other articles, such as a recording time 
clock, a mimeograph, a calculating machine, and an intercommuni- 
cating telephone system, may be found advisable. 


DESCRIPTION OF THE BUREAU OF MARKETS SYSTEM OF ACCOUNTING 
FOR FRUIT SHIPPING ORGANIZATIONS. 


The following forms and records, grouped in accordance with their 
intended uses, comprise the system: 


Records covering the sale of supplies: 
Form 1. Charge ticket. 
2. Mercantile ledger. 
3. Requisition. 
4. Empty box memorandum. 
5. Box register. 
Records showing the receipt and disposition of the fruit: 
Form 6. Crop estimate. 
7. Estimate and order register. 
8. Truck ticket. 
9. Loose-fruit receipt. 
10. Tally sheet. 
11. Packed-fruit receipt. 
12. Register of receipts. 
13. Reconcilement of receipts. 
14. Loading instructions. 
15. Car checker’s record. 
16. Inspection record. 
17. Car record. 
18. Manifest. 
19. Invoice. 
20. Pool sheet. 
21. Uniform account sales. 
22. Fruit ledger. 
23. Inventory. 
24. Order register. 
25. Schedule of advances to growers. 
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General financial records: 
Form 26. Journal. 
27. Journal voucher. 
28. General ledger. 
29. Bills receivable and bills payable record. 
30. Check. 
Records showing the costs of packing-house operations: 
Form 31. Labor-distribution sheet. 
32. Pay roll sheet. 
Statement of packing-house costs (p. 25). 
Statement of warehouse costs (p. 25). 
Statistical records: 
Monthly reports (p. 27). 
Financial statement (p. 29). 
Statement of revenue and expenditures (p. 30). 


THE CHARGE TICKET. 


The charge tickets (Form 1) on which the sales of supplies to 
growers are recorded are made in duplicate; the, original copies are 
sent to the office and the duplicates given to the growers for their 
records. The signature of the grower or of the party receiving the 
goods is attached to each ticket to show that delivery was effected. 


THE MERCANTILE LEDGER. 


The mercantile ledger (Form 2) is made up in the form of a dupli- 
cating ledger statement or ‘“‘bill and charge” ledger. All entries 
are made in pencil, preferably indelible, over a sheet of carbon paper, 
the original sheets serving as statements for the growers and the 
duplicates as the ledger‘sheets in the office. The sheets have been 
made wide enough to allow for a full itemization of all transactions. 
While this is apparently a duplication of work, inasmuch as the 
srowers have copies of the sales tickets in their possession, the rela- 
tively small number of the sales and the satisfaction of the growers 
in receiving statements of charges fully itemized make the practice 
desirable. 

The mercantile ledger contains all growers’ accounts, as well as all 
accounts receivable involving the sale of supplies to other than 
growers. 

THE REQUISITION. 

In many localities the fruit-shippimg organizations do not carry a 
supply of boxes on hand, but deliveries are made to the growers by 
the mills or box companies as the boxes are needed. Requisitions 
(Form 3) for the number of boxes desired by the growers are issued 
on the box companies, and charge tickets are made to cover the sales 
in order to bring the record of the transactions to the growers’ 
accounts in the regular way. At the end of the month the statements 
of the box companies are checked against the requisitions issued. 

This form of requisition can also be used as authority for the pur- 
chase of supplies by employees. The management should insist 
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that all supplies for use in the packing house, warehouse, or office be 
bought only on written authority, in order to guard against indis- 
criminate buying on the part of employees and to establish a record 
in the office as to the liability which has been incurred. 


THE BOX MEMORANDUM. 


The use of shipping boxes in the orchards for picking purposes in 
place of picking or “‘lug”’ boxes is very general, although some ‘“‘lug”’ 
boxes are used in nearly all of the districts, and the introduction of 
the community packing scheme has presented another problem, that 
of giving the growers proper credit for the number of boxes delivered 
by them which contain loose fruit for packing and of charging them 
with the number of empty boxes and boxes containing culls returned 
to them from the packing house. 

The initial sales of box shooks or boxes to the growers must be 
recorded on the charge ticket (Form 1) in order that the transfer of 
these assets can be recorded properly and the indebtedness of the 
growers shown on account of these sales. The loose-fruit receipt 
(Form 9) acts in the dual capacity of a receipt for the fruit and for 
the boxes as well. Approximately 70 per cent of the boxes are 
used in packing out the fruit, leaving the balance to be returned to 
the growers. The box memorandum (Form 4) is used for recording 
the number of empty boxes and boxes of culls returned to the growers. 


THE BOX REGISTER. 


A separate account is opened with each grower in the box register 
(Form. 5) to record the number of boxes containing loose fruit de- 
livered by him to the packing house and the number of empty boxes, 
or boxes containing culls, withdrawn by him. Columns have been 
provided for segregating new and old shipping boxes. The form is 
made in duplicate. The originals are used as statements to be sent 
to the growers and the duplicates are retained in the files. 


THE CROP ESTIMATE. 


An accurate estimate of each grower’s tonnage, by varieties, is an 
invaluable guide to the sales manager in planning a selling campaign 
and in the booking of orders prior to the harvest season. The value 
of the figures depends entirely upon the accuracy of the estimates. 
In districts where the inspection service is so organized that inspec- 
tors, trained in the matter of estimating the crop on the trees, can 
perform this service or verify the growers’ individual estimates, the 
figures will be dependable and of great value as a means of forecast- 
ing the season’s production. After the first estimate, constant 
revision of the figures must be made, taking into account the weather 
and crop conditions. Form 6 is used for returning this information 
to the office. 
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The estimate and order register (Form 7) is used to very good 
advantage as a record of the unsold fruit in a district, based upon 
the estimates of each grower’s tonnage. 

The left-hand side of the form presents a record of the growers’ 
estimates, and the right-hand side, a list of the orders which have been ' 
accepted for future delivery and of “tramp” shipments or “rollers.”’ 


THE TRUCK TICKET. 


A number of organizations employ auto trucks for hauling the 
growers’ fruit to the packing houses. _The truck tickets (Form 8) 
are used as Memorandum receipts to record the number of boxes 
of loose fruit intrusted to the truckman for delivery to the organi- 
zation. They also provide a record of the hauling performed by the 
truck. They are made in triplicate. The triplicate copies are given 
to the growers, the onion-skin duplicates remain in the book for the 
truckman’s record, and the originals are turned in at the office. 


THE LOOSE-FRUIT RECEIPT. 


The loose-fruit receipts (Form 9) are made in triplicate. The 
original copies are given to the growers, the duplicates are sent to 
the office, and the triplicate cardboards follow the loads through the 
packing house. A small tin holder is affixed to one of the boxes in 
which the triplicate loose-fruit receipt is inserted. This serves as a 
means of identification of the particular lot until packed. 


THE TALLY SHEET. 


The packed boxes of fruit are tallied before entering the warehouse 
on the tally sheet (Form 10). The sheet is used both for tallying 
the boxes of fruit conveyed from the packing house to the warehouse, 
and for that received packed from the growers. Columns have been 
provided on the check sheet for an eight-way grouping of the sizes. 
A summary at the end of the day of the number of boxes of each size 
group of the three grades serves as a basis for the inventory of the 
stock on hand, showing the number of boxes which entered the 
warehouse. 

THE PACKED-FRUIT RECEIPT. 

Great care should be exercised in the tallying of the fruit and the 
writing of the packed-fruit receipts (Form 11), as the receipts are the 
original entries of the number of boxes to be credited to the growers’ 
accounts, and on these figures all future computations are based. The 
receipts are made in duplicate. The originals are retained for the 
office files and the duplicates are given to the growers. 


THE REGISTER OF RECEIPTS. 


Accounts are opened in the register of receipts (Form 12) under 
the names of the growers in alphabetical order to facilitate reference. 
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The ruling of the sheets provides for six varieties, although many of 
the growers will require additional space. Posting is made from the 
fruit receipts to the register providing a full account of the deliveries 
made by each grower. 


THE RECONCILEMENT OF FRUIT DELIVERIES. 


Reconcilements of fruit deliveries (Form 13) are used very sucess- 
fully as statements or recapitulations of the number of boxes appear- 
ing on growers’ accounts, classified as to varieties, grades, and size 
groups. The forms are made in duplicate and copies mailed to the 
growers with the request that a comparison be made of the number 
of boxes appearing on the receipts held by them with the total num- 
ber of boxes of each variety, grade, and size group credited to their 
accounts on the books of the organization, as evidenced by the totals 
appearing on the reconcilement forms. 

If any discrepancies are found, proper adjustment can be made 
before the totals are passed for entry into the pool records. This 
serves principally to rectify any errors made at the receiving door, 
because of carelessness of drivers in designating the party to whom 
credit for the load belongs. A thorough recheck of the entries on 
the register of receipts with the packed fruit receipts should obviate 
any errors in posting the receipts to the growers’ accounts. As soon 
as the reconcilements have been received from the growers, the totals 
for each variety are posted to the uniform account sales. 


LOADING INSTRUCTIONS. 


Instructions as to loading and specifications of the contents of each 
load are given on Form 14. Upon the completion of the loading, the 
shipping clerk returns the ‘Instructions’ with the car tally and a 
comparison is made in the office to see that the instructions have been 


executed properly. 
THE CAR CHECKER’S RECORD. 


A tally of the load is made by tiers on the car checker’s record 
(Form 15), one side of the page being used for each of the car ends, 
which are usually distinguished by the terms, ‘brake end’ and 
“rear end.” 

For the purpose of substantiating railroad claims, the record of the 
tally of each car should be complete, including the names of loaders 


and checkers. 
THE INSPECTION REPORT. 


The inspection report (Form 16) serves as the report of the condi- 
tion of the fruit as made by the inspector before the car is ready to go 


forward. 
THE CAR REPORT. 


The car report (Form 17) serves as a record of the order, spotting, 
condition, icing, billing, and bracing of the car, for the information 
of the sales manager. 
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The manifest (Form 18) of the shipment is made on forms provided 
or recommended by the sales agency. This information is a reca- 
pitulation of the car checker’s record and shows the contents of the 
car by varieties, grades, and sizes. 


THE INVOICE. 


Organizations disposing of a considerable number of shipments of 
fruit through other channels than their regularly appointed sales 
agency will find need for a form of invoice (Form 19) to be used in 
connection with the sale of the fruit. 


THE POOL SHEET. 


The distribution of the amounts received from the sale of the ship- 
ments of fruit io the variety pools is made on the pool sheets (Form 
20). A separate sheet is used for each variety, and as the net pro- 
ceeds are received the amounts are credited opposite the number of 
boxes comprising the particular shipment. Any deductions cover- 
ing undercharges in freight or claims for allowances which are re- 
ceived by the local oganization after the returns have been made to it 
by the selling agent are placed in the space provided for deductions 
and are subtracted from the total of the pool before closing. 

This form of pool sheet contemplates the use of an arbitrary differ- 
ential for grades and size groups to be furnished the local organiza- 
tion by the selling agent and which is based on the economic value of 
the grades and size groups for the season rather than upon the actual 
net returns. By means of this differential the net amount of the pool 
is distributed over the grades and size groups and the average prices 
obtained are used in calculating the extensions on the uniform 
account sales. (Form 21). 


SECOND FORM OF POOL SHEET. 


A second form of pool sheet is shown under Form 20-A, to be used 
in organizations which have adopted the method of pooling returns 
on the basis of actual receipts for each grade. An arbitrary differ- 
ential is then made for the size groups under each grade, based upon 
the market experience for the season. 


THE UNIFORM ACCOUNT SALES. 


The uniform account sales (Form 21) is so drawn as to exhibit the 
following essential elements: 


Gross value realized f. o. b. 

Selling and handling charges. 

Proceeds for distribution among the growers. 

Average price per box (after all selling and handling charges have been de- 
ducted). 

Net returns for the variety of fruit. 
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In order to demonstrate on the account sales the net average price 
obtained for each grade and size group, all selling and handling 
charges are deducted before the averages are obtained. Charges for 
packing, hauling the fruit to the warehouse, sinking fund deductions 
for investment purposes, or deductions made as partial payments on 
membership fees, do not affect the net amount obtained for the fruit 
and are therefore charged direct to the growers’ ledger accounts. 


THE FRUIT LEDGER. 


The fruit ledger (Form 22), like the mercantile ledger, is made up 
in the form of a duplicating ledger statement or ‘‘bill and charge 
ledger.” It contains the record of the growers’ accounts during the 
fruit season. The sheet is devised especially for entry of credits 
arising from the sale of the fruit as shown on the account sales. The 
original sheets are used as statements to the growers and are mailed 
at the end of the month or as much oftener as it is deemed advisable. 


THE INVENTORY SHEET. 


For the purpose of conducting a perpetual inventory of the stock 
of fruit on hand in the warehouse, the necessary information can be 
made available daily by adding the total number of boxes received 
into the warehouse to the balance on hand and deducting the total 
of the number of boxes shipped out. ‘The inventory sheet (Form 23) 
is devised for that purpose. 


THE ORDER REGISTER. 


All orders on account which have been accepted by the organiza- 
tion to be filed against the accounts of growers should be recorded 
on Form 24. The register should be held for ready reference when 
advance payments are made to growers and as a check on the work 
of the bookkeeper when returns are being mailed out. 


THE SCHEDULE GF ADVANCES TO GROWERS. 


The net proceeds of the sales of apples and pears are usually poo.ed 
for the entireseason. Owing to the delay in closing the pools by reason. 
of export shipments or unavoidable delays in disposing of the fruit, 
advance payments are made as the receipts from the sales justify. 
As a rule, shipping organizations also make advances to their mem- 
bers at harvest time at a flat rate per box on the basis of the growers’ 
estimates or on the deliveries to the warehouses. These credits are 
not written into the accounts, but a schedule is made up showing the 
debit balances owing on the growers accounts and the amount of 
eredit on which the advances are to be based. 

The schedule of advances to growers (Form 25) is ruled to take 
care of both equalizing and variety advances. 
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THE CASH JOURNAL. 


‘The cash journal (Form 26) is a combination of the cash book and 
the journal. The incorporation of these two books into one form 
and the columnar development of the form tend to facilitate the 
classification of entries and to minimize the posting to the ledger. 
No special forms are provided in the system for the recording of 
purchases and sales, but the cash journal is used for the journalizing 
of these items as well. 

Effort has been made to reduce the size of this form by limiting 
the number of special columns to those having sufficient items each 
month to warrant economy in their use. A book of moderate pro- 
portions will be found much more convenient to handle and to oper- 
ate than one containing a large number of columns, if the needs of 
the business are not such as to necessitate the additional columns. 

The captions of the columns of the cash journal are as follows: 

Debit side: Date; cash; bank deposits; folio; general ledger; mer- 
cantile ledger; fruit ledger; fruit returns; merchandise; blank. 

Credit side: Cash; journal voucher number; check number; bank 
withdrawals; general ledger; folio; mercantile ledger; fruit ledger; 
boxes; paper; nails; spray; fruit sales; merchandise; blank. 

THE JOURNAL VOUCHER. 


° 


A form of journal voucher (Form 27) is used for recording a full 
explanation of each transaction in detail which may be written on a 
typewriter instead of writing the explanation of the entry in the jour- 
nal proper. The journal voucher also serves as a permanent record of 
the detail of budget entries, such as charges to growers’ accounts, 
arising from sales as recorded on the charge tickets. The journal 
entry, if made in budget form, records the total amount chargeable 
to the growers’ accounts in the mercantile ledger and the totals of the 
offsetting credits to the proper supply accounts. Posting to the 
growers’ accounts is then made in detail directly from the charge 
tickets to the mercantile ledger. All other budget entries, such as 
the payroll, advances to growers, and the credits arising from the 
uniform account sales, should be handled in a ike manner. All sup- 
porting papers, including invoices for purchases, may be attached to 
the journal vouchers, and each voucher should bear the signature of 
the person authorizing the entry. A form of receipt has been ap- 
pended for use in case of disbursements of petty cash when the payee 
is unable to furnish a receipted bill. 


THE GENERAL LEDGER. 


No special form of general ledger leaf need be made up, but the 
usual stock form will meet every requirement. Many bookkeepers 
prefer the two-column ledger leaf, but the center column balance 
ledger leaf appears to be gaining favor rapidly. 
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THE BILLS RECEIVABLE AND BILLS PAYABLE RECORD. 


The bills receivable and bills payable record is used as a subsidiary 
record showing the date, name of drawer, name of drawee, due date, 
rate of interest, amount and remarks. The bills receivable and bills 
payable accounts in the general ledger are the controlling accounts 
and the total of the items appearing in the note record, as owed or 
owing, must agree with the balance appearing on the above corres- 
ponding accounts. A number of standard forms of note records are 
now on the market which can be adapted to the requirements of ship- 
ping organizations. space 

The usual form of commercial checks are used, and these should be 
numbered and bound in pads. Entry should be made in the journal 
direct before the check is written. Many bookkeepers have acquired 
the habit of registering the checks drawn on check stubs or small 
check registers, allowing the entry in the journal to await their con- 
venience. This is merely a duplication of work and moreover means 
additional labor in accounting for the payment, when the details of 
the transactions have been forgotten. 


THE LABOR DISTRIBUTION SHEET. 


In order to arrive at an accurate segregation of labor costs in both 
the packing house and the warehouse, it is advisable to place in the 
hands of the foreman a daily record upon which this segregation is 
to be made. The labor distribution sheet (Form 28) serves as a time 
book and as a means of segregating the labor costs. 


THE PAY ROLL. 


The pay roll (Form 29), both from the standpoint of a voucher for 
the distribution of cash, and as a record of the segregation of labor 
costs, is a sheet of considerable importance. This sheet is written up 
from the labor distribution sheets, after they have been approved by 
the foreman of the packing house and of the warehouse. It is advis- 
able to secure the signatures of the payees on the pay roll as an ac- 
knowledgment of the receipt of the checks. If it is desired, the cover 
of the binder can be bound so as to fold back, exposing to view the 
pay roll number, check number, and the column for signature of the 


employees. 
METHOD OF OPERATING THE SYSTEM. 


THE RECORDING OF THE PURCHASES AND SALES OF SUPPLIES. 


The purchases of supplies are recorded on the journal vouchers, to 
which are attached, the invoices as evidence for incurring the liability. 
Owing to the limited number of accounts payable necessary, a separate 
account is opened with each creditor. Small monthly accounts, 
covering expenses, such as telephone, telegraph, electric light and 
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power bills, need not be recorded as accounts payable, but can be 
treated as cash items. 

Entry is made from the journal vouchers to the cash journal and 
the items are extended in the proper columns. A special column 
has been provided for merchandise, as the commodities grouped 
under this caption will be bought at frequent intervals. 

The sales of supplies to growers are recorded on the charge tickets 
(Form 1). After the numbers of the tickets are checked to ascertain 
that all are accounted for, the prices, extensions, and footings are 
audited and the tickets are placed in alphabetical order and re- 
numbered. A listing is then made of the new numbers of the tickets 
and the segregation of the items on a journal voucher, which becomes 
the basis for a journal entry, debiting sundry growers’ accounts and 
crediting boxes, spray, or whatever sales accounts are affected in 
totals. Posting is made direct from the charge tickets to the accounts 
in the mercantile ledger, the ticket numbers being used as reference to 
the files. At the close of the month the balances appearing on. the 
accounts are forwarded to new sheets for the succeeding month and 
the statements are sent to the growers. In this way the members can 
be provided with monthly detailed statements of their accounts with 
the organization. 

When. boxes, paper, and nails are transferred from stock to the 
packing house to be used there in packing the fruit, a memorandum of 
the transfer should be made by the warehouseman to serve as a basis 
for a journal entry, charging the packing-house account and crediting 
the proper supply accounts. The price set upon such transfers should 
be cost plus a reasonable charge for handling. 


RECORDING OF CROP ESTIMATES. 


Posting is made from the crop estimates (Form 6) to the left-hand 
page of the register (Form 7), under the caption “ Estimates,’’ show- 
ing the number of boxes of a given variety of fruit which it is esti- 
mated will be produced by the members during the season. The 
footing of the estimate column, less a reasonable allowance to safe- 
guard against overselling, gives the approximate total of the number 
of boxes of a particular variety to be marketed. A percentage key 
of grades and sizes, based upon the experience of previous years and 
the condition of the current year, is applied to the total number of 
boxes estimated, segregating each variety into grades and size groups. 
The results are extended in the ‘‘unsold balances”? columns. 

The right-hand side of the book comprises a listing of the orders 
accepted and of the shipments tramped. ‘The excess of the tonnage 
estimated over that already disposed of represents the approximate 
remainder still on hand and unsold. 
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RECEIVING THE FRUIT. 


Upon delivery of the loose fruit to the packing house, a loose-fruit 
receipt (Form 9) is made in triplicate, the triplicate cardboard copy 
remaining with the lot until it is packed out. If the hauling is done 
by a community truck, a comparison of the truck tickets with the 
loose-fruit receipts is made as to the number of boxes and varieties. 
The duplicate loose-fruit receipts merely serve as a record to be re- 
tained in the office, while the triplicate receipts are held in the 
packinghouse. Asthe triplicates do not reach the office in consecutive 
order, their numbers must be checked carefully to see that none are 
missing. A comparison should be made with the packed-fruit re- 
ceipts as to the number of boxes and the varieties packed out, the 
rule being that the number of packed boxes should approximate 65 
per cent to 70 per cent of the number of boxes of loose fruit. A cross 
index between the packed fruit and the loose-fruit receipts is estab- 
lished by placing the number of one on the other. 

The packed boxes are tallied on the tally sheet (Form 10) either 
after they have been sent back from the nail press or, if a conveyor 
system is used, as the fruit passes a given point on the way to the 
warehouse. The packed-fruit receipts (Form 11) are written up from 
the tally sheet in the office at the end of the day, and the number of 
the receipt is placed in the space provided for that purpose on the 
tally sheet. If any of the lots of fruit are only partially packed out, 
this fact is indicated on the tally sheet and the receipt for packed 
fruit is not written until the final figures are available. 

The method of tallyimg fruit on the tally sheets and recording it on | 
the packed-fruit receipts as outlined applies to the boxes packed in the 
community packing houses. The same forms can be used for record- 
ing the receipt of fruit packed by the growers. The tally sheets then 
serve as a tally of the fruit received at the door of the warehouse, and 
the fruit receipts are written by the receiving clerk. All receipts for 
fruit packed by the growers should be marked “ Growers’ pack’ with 
a rubber stamp, so that proper notation to that effect will be made 
on the register of receipts. 


REGISTERING THE RECEIPTS. 


The packed-fruit receipts are placed in aljelae settee order to facili- 
tate entry to the credit of the respective growers’ accounts in the 
register of receipts. The entries should be checked back daily, so 
that any errors in posting can be located immediately. At the end 
of the delivery season the boxes appearing on the growers’ accounts 
are totaled and the footings are transferred to the reconcilements of 
fruit deliveries (Form 13), which serve as statements to be sent to 
the growers for comparison with their records. If the latter form is 
not used, the transfer of the totals of the various varieties is made 
direct to the account sales (Form 21). 
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THE RECORD OF GROWERS’ BOXES. 


The record of the sales of boxes or box shooks to tne growers is 
made on the charge tickets (Form 1). The loose-fruit receipt (Form 
9) demonstrates the number of boxes containing loose fruit delivered 
to the packing house, and postings of these items are made to the 
box register (Form 5). The regular shipping boxes are used in 
most districts for picking boxes, and the growers are therefore enti- 
tled to withdraw from the packing house approximately 30 per cent 
of the total number of boxes delivered. The record of the with- 
drawals is made on the box memorandum (Form 4), and these are 
posted to the box register under the heading ‘‘ Withdrawals.” At 
the end of the delivery season the overage or shortage on each grower’s 
box account is ascertained and the respective ledger accounts are 
then charged or credited with the difference. The following journal 
entry is made to carry these items into the financial records: Debit, 
growers’ accounts for overages; credit, growers’ accounts for under- 
ages. Debit or credit, box account for the net amount of with- 
drawals. 

RECORD OF THE SHIPMENTS. 

Upon completion of the loading of a car the loading instructions 
(Form 14), car checker’s report (Form 15), inspection report (Form 
16), and car report (Form.-17), are sent to the office, and the manifest 
(Form 18), invoice (Form 19), and bill of lading are prepared by the 
billing clerk. Whether the shipment is sold outright, tramped, or 
consigned, the record is held in memorandum form until the net 
proceeds of the sale are received. 


THE POOLING RECORDS. 


On the day following the loading of the cars posting is made of the 
totals of the number of boxes of each variety contained in the various 
shipments from the manifest to the respective pool sheets. As the 
remittances for the shipments are received, entries are made in the 
cash journal, debiting cash and crediting fruit sales for the amounts. 
A segregation of the proceeds is then made on the pool sheets to the 
respective pools, opposite the: number of boxes shipped. When all 
the shipments of a given pool have been paid for, the average price 
per box in each grade and size group is ascertained on the basis of a 
differential reflecting the selling experience for the season. The 
average prices thus obtained, less the handling and other charges, 
are used, in making the extensions on the account sales. 

To facilitate the work at the time of closing the pools and as soon 
as the reconcilements of fruit deliveries have been returned by the 
erowers, the uniform-account sales (Form 21) are written up, as to 
the names of the growers, addresses, and the number of boxes of 
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each grade and size group. ‘The total number of boxes of each grade 
shipped out, as shown on the pool sheet, should be compared with 
the total number of boxes received as recorded on the uniform- 
account sales. If the reconcilement forms are not used, the uniform 
account sales can be written up directly from the register of receipts. 

In order to preserve a record of the totals of the number of boxes 
in each grade and size grouping, and later of the totals of the exten- 
sions made on the account sales, a statement of these totals is made 
on a special sheet. A copy of this sheet should precede the account 
sales written up for each variety, and it is well to attach to it the 
adding-machine listings showing the detail of the above amounts. - 
Inasmuch as but few of these sheets will be necessary, no special form 
has been devised, but a copy of the account sales form can be used 


. for this purpose. 


After the average prices have been obtained from the pools they 
are placed opposite the respective numbers of boxes on the account 
and the extensions are made and totaled. Proof of the accuracy of 
the work should be established by comparing the grand total of the 
extensions made on the account sales with the extensions of the 
total number of boxes in each grade and size group at the average 
prices as shown on the recapitulation sheet. 

When the account sales have been completed, a listing of their 
numbers and the amounts to be credited to the growers’ accounts is 
made on a journal voucher and an entry is passed as follows: Debit— 
fruit returns; credit—warehouse revenue, labeling revenue, inspec- 
tion revenue, sundry growers’ accounts; debit or credit overage 
and underage account with the overage or underage in the above 
calculations. 

Space has been provided on the pool sheet for recording the above 
journal entry in order that the distribution of the pool may be shown 


_ in complete form. 


At the end of the season for selling supplies all debit balances 
appearing in the mercantile ledger are transferred to the respective 
accounts in the fruit ledger. Even prior to the closing out of the 
mercantile ledger balances into the fruit ledger, all charges, other 
than for supplies, and which are directly deductible from the returns 
of the fruit, are posted to the fruit ledger. Among such items are 
included charges for packing and hauling, for advances, and for in- 
vestment purposes, as payments on membership fees or subscriptions 
to capital stock. 

The net amounts shown on the account sales are credited to the 
respective growers’ accounts in the fruit ledger, and checks are sent 
to the growers to cover the credit balances. 
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PRBHPARATION OF SCHEDULE OF ADVANCES TO GROWERS. 


The schedule of advances on fruit to growers (Form 25) is designed 
for both equalizing and variety advances. In the preparation of the 
schedule, a listing is made of the names of the growers and the debit 
balances owing by them. For the ‘‘equalizing”’ advance, the num- 
ber of boxes on which the advance is to be computed is shown in the 
column under that heading, and extensions are made in the adjoining 
column on the basis of the average rate per box. The amount of 
the advance over the debit balance is then ascertained and listed. 
If an overdraft exists, the fact is noted in the column provided for 
that purpose. 

The ruling for the variety advances segregates the extra-fancy and 
fancy grades and provision has been made for two groups of varieties 
taking different rates of advances. Columns have been provided for 
displaying the amounts applied on notes due the organization by the 
growers and for the checks issued in partial or full payment of crop 
orders and mortgages. The amounts for which the checks are issued 
to the growers are shown in the ‘‘Amount of check’’ column and the 
check numbers are placed in the adjoining column. As soon as the 
work is completed a journal entry is made as follows: Debit—sun- 
dry growers’ accounts; credit—bank withdrawals for the amount 
of the checks issued to growers and applied on crop orders and mort- 
gages, bills receivable for the amounts applied on the growers’ notes. 

Posting is made from the schedule to the growers’ accounts in the 
fruit ledger and to the credit of the bills receivable account in the 
general ledger. Great care should be exercised that indorsement of 
the amounts applied on the notes is made on the backs of those docu- 
ments and in the bills receivable record, and that proper notation of 
the amounts paid on crop orders and mortgages is made in the record 
of orders on account (Form 24). 


LABOR RECORDS. 


The labor distribution sheets are arranged to accommodate the pay- 
ment of the pay roll at semimonthly intervals. The foremen of the 
packing house and the warehouse fill out the labor distribution sheets 
(Form 28) and the totals as shown thereon are transferred to the pay 
roll (Form 29). 

On the reverse side of the sheet the segregation of the labor costs 
is made, which is used as the basis for the entry in the cash journal 
as follows: Debit, various packing-house and warehouse expense ac- 
counts affected. Credit, bank withdrawals. 

It is not necessary to transcribe the checks into the cash journal 
in detail, but the entry is made in that book in total. The canceled 
checks are checked off on the pay roll. 
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A segregation of the packing-house and warehouse costs as outlined 
will be found of great value to the management in the conduct of the 
business and for comparative purposes. 


THE CASH JOURNAL. 


The cash journal (Form 26) provides a chronological record of the 
financial transactions of the business and combines the features of 
the cash book, journal, sales book, and purchase book. All transac- 
tions must be journalized in detail or in budget in the cash journal; 
consequently no items can be posted to the ledgers except those 
appearing in this book. 

DEBIT COLUMNS. 

Cash.—All receipts of cash of whatever nature are entered in the 
cash column, the corresponding credits being made to the proper 
accounts affected. 

Bank deposits—The amounts of the deposits made in the bank 
are entered in the bank-deposit column. The bank balance, as shown 
by the cash journal at the end of the previous month, is carried for- 
ward to the head of the bank-deposits column for the current month, 
making it possible to ascertain at all times the available amount of 
money in the bank by deducting the footing of the withdrawals col- 
umn from the footing of the bank-deposits column. 

General ledger.—This column may be used for all items to be posted 
to the debit of the accounts in the general ledger, and for which no 
special columns have been provided. Posting should be made in 
detail from this column to accounts in the general ledger. 

Mercantile ledger —All items to be posted to the debit of growers’ 
supply and mercantile accounts should be entered in the mercantile- 
ledger column, and posted in detail to the mercantile ledger. At the 
end of the month the column total is posted to the debit side of the 
mercantile-ledger controlling account in the general ledger. 

Fruit ledger.—In the fruit-ledger column are entered all charges 
which are deductible from the net returns from the growers’ fruit. 
Postings are made in detail from this column to the accounts in the 
fruit ledger. At the end of the month the total of the charges is 
posted to the debit side of the fruit-ledger controlling account in the 
general ledger. 

Fruit returns.—In this column are extended the amounts charge- 
able to the fruit-returns account, offsetting the credits to growers’ 
accounts arising from the sale of fruit handled for them and the reve- 
nue accruing to the organization. 

Merchandise—All purchases of merchandise, such as grain, 
hay, feed, flour, salt, and the freight charges thereon, are extended 
into this column, and posting of the total of the column is made at 
the end of the month to the debit of the merchandise account. 
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CREDIT COLUMNS. 


Cash.—The cash column carries all items of cash ot whatever 
nature which are disbursed by the organization either for petty 
expenditures or to be deposited in the bank. It should be a strict 
rule that all cash receipts are to be deposited in the bank when it is 
possible to do so. It is sometimes found inexpedient to adhere 
strictly to this rule because of infrequent petty expenditures, and for 
that reason a cash column on the credit side of the journal has been 
provided. Where a petty cash fund is in use, the credit-cash column 
need not be used, since deposits may then be indicated by transfer 
of daily totals of incoming cash from the debit-cash column to the 
bank-deposits column.t A receipt should be taken for every ex-. 
penditure of cash and all disbursements of $1 and over should be 
paid by check. 

Bank withdrawals.—In the bank-withdrawal column are extended 
the amounts of all checks drawn on the bank. 

General, mercantile, and fruit ledgers——These columns serve the 
same purposes on the credit side as were explained on the debit side, 
the postings being made to the credit side of the ledger accounts in 
‘this instance. 

Boxes, paper, nails, and spray.—These columns carry all credits 
arising from the sale of supplies. 

Fruit sales.—All remittances from the sale of fruit are extended 
in the fruit-sales column. 

Merchandise.—In the merchandise column are extended all sales 
of merchandise, such as hay, grain, feed, and flour. 


THE LEDGER. 


The ledger is the book of accounts. After the transactions of the 
business have been recorded in the cash journal the debit and credit 
items arising from such transactions are transferred or posted to the 
proper accounts in the ledger. In this way all of the debits and 
credits pertaining to a particular person or subject are collected 
in a ledger account under a proper caption, making it possible to view 
and consider the.account as a whole. 

The ledger is divided into three parts and designated as the mer- 
cantile ledger, the fruit ledger, and the general ledger. This is done 
partly to facilitate the handling of the accounts and partly to allow 
the use of special forms for the mercantile and fruit ledgers which 
tends to reduce the work materially. 


THE GENERAL LEDGER. 


The general ledger contains all of the accounts other than those 
falling within the scope of the growers’ mercantile ledger and the 


1 Directions for operating petty cash funds are set forth in detail in U.S. Department of Agriculture 
Bulletin No. 178, ‘Cooperative Organization Business Methods.’’ 
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growers’ fruit ledger. It includes also the limited number of accounts 
payable which it will be necessary to open with creditors. In order 
to make the general ledger complete in itself and to include all the 
elements necessary to effect a trial balance, controlling accounts 
for the mercantile and the fruit ledgers are opened in the general 
ledger. Further explanation of this very important principle in 
modern accounting is given in the description of the controlling 
accounts for the mercantile and fruit ledgers. 


EXPLANATION OF GENERAL LEDGER ACCOUNTS. 


Capital stock.—All sales of capital stock are credited to this account 
and the credit balance measures the amount of capital fully paid 
up, for which certificates of stock are issued and outstanding. 

In cooperative organizations having no capital stock a member- 
ship fee is usually required from members for the purpose of providing 
a working capital. From an accounting standpoint this represents 
capital invested in the business and its value should be maintained. 
The treatment of such contributions of capital is practically the 
same as under the stock plan. 

In organizations where a membership fee is paid each year by 
the members at the time they contract with the organization for 
the handling of their fruit these fees are looked upon as revenue, and 
are used to defray operating expenses. 

Land, buildings, and spur track—The cost of the land, packing- 
house, and warehouse should be set up in accounts under those 
captions. 

In many instances it has been found necessary for the shipping 
organizations to pay for the grading, construction, and the ties for 
the spur track leading from the main line of the railroad to the 
warehouse. The cost of these items is charged to spur track account.' 

Equipment accounts.—All items of furniture and equipment used 
in the office are charged to office equipment account. The cost of 
the equipment of the packing house is shown in the packing-house 
equipment account and that of the warehouse in the warehouse 
equipment account. Repairs and renewals should be charged to 
expense. 

Cash.—The excess of the total of the ‘cash’ column on the left- 
hand side of the cash journal, representing: the receipts of cash, over 
the footing of the “cash”’ column on the right-hand side of the cash 
journal, representing the amount deposited in the bank and disbursed 
as petty cash, demonstrates the amount of cash on hand. In order 
to avoid the necessity of referring to the cash journal for the amount 
of cash on hand when taking a trial balance, an account under the 


1 Several large shipping organizations have written off the entire investment in spur tracks over a period 
of three to five years. 
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caption “cash’’ is opened in the general ledger and the balance of 
the cash on hand carried to it at the end of the month. 

Bank.—The excess of the total of the bank deposits column in the 
cash journal, representing the amount of the deposits plus the bal- 
ance carried forward from the previous month, over the total of the 
bank withdrawals columns, representing the amounts disbursed, 
demonstrates the available amount of cash in the’ bank at the end 
of the month. This balance is posted to the account under the 
caption of the name of the bank. If it is desired to have the bank 
account in the ledger show the amount of receipts and disbursements 
of cash, the totals of the bank deposits and bank withdrawals can 
be posted to the account at the end of each month instead of posting 
the balance. 

Supply accounts.—It is usually desirable to ascertain the gross 
profits on the various lines of supplies handled. ‘To open an account 
with each commodity, however, would result in a great variety of 
segregation and supplies are therefore grouped, as a rule, and accounts 
opened under the following captions: Spray; boxes; paper; nails; 
labels and labeling; miscellaneous. 

These accounts are debited with the cost of the commodity and the 
freight charges. They are credited with the total sales. They are 
also debited with the amount of goods returned by customers and 
credited with the cost of goods returned by the organization. 

The label account also includes cost of paste and the labor in 
affixing labels to the boxes. The labels are usually bought and 
delivered in one lot, making but one charge to the account for that 
item. Hence it does not appear necessary to open another account 
for the actual work of labeling. | 

Merchandise.—Besides the orchard supplies, such as boxes, paper, 
nails, spray materials, ladders, etc., which are handled by practically 
all fruit-shipping organizations, some also deal in grain, hay, feed, 
flour, etc. In order to differentiate between the growers’ supplies 
and these commodities, an account under the caption ‘ Merchan- 
dise’”’ is opened to record their purchase and sale. 

Bills receivable and bills payable accounts.—The bills receivable 
account shows the amount due on signed obligations and includes 
-membership notes and drafts which have been accepted. The bills 
payable account shows the amount owing by the organization on 
signed obligations. 

Controlling accounts for the mercantile and fruit ledgers.—The con- 
trolling or summary accounts will disclose in condensed form through 
posting of monthly totals the transactions that are posted in detail 
from day to day in either of these ledgers. At the beginning of the 
season the mercantile ledger controlling account is debited with the 
total of all the balances appearing on the mercantile ledger, as shown 
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by the trial balance. The account is currently debited with the total 
of the column headed ‘Mercantile ledger”’ on the left-hand side of 
the cash journal and is credited with the total of the “Mercantile 
ledger’? column on the right-hand side of the cash journal. The 
resulting balance will be the total of the balances appearing in the 
mercantile ledger. The fruit-ledger controlling account is operated 
in like manner. 

Accounts payable.—The comparatively small number of creditors’ 
accounts warrants the opening of an individual account with each. 
The credit balance appearing on any one of these accounts measures 
the amount due that particular creditor. 

Fruit sales.—Instead of opening one account under the caption 
“Fruit account,’’ to which are credited the receipts from the sales of 
fruit and to which are debited the gross returns made to growers, 
two accounts are opened under the captions “ Fruit sales’ and “ Fruit 
returns.” 

The fruit sales account is credited with the amount of the receipts 
from the sales of fruit and is debited with all allowances made after 
the payment has been received. The credit balance appearing on 
this account is the net amount of money received from the sale of 
fruit. It is practically the controlling account for the distribution 
to the various pools. 

Fruit returns.—The fruit-returns account is debited with the gross 
amount of returns made to the growers. The debit balance appearing 
on this account represents the total amount paid to growers, and 
should equal the credit balance appearing on the fruit-sales account. 
~ Overage and underage account.—In closing down the pools on fruit, 
it is usually the case that there remains a small balance which can not 
be apportioned over the number of boxes at even cents or mills. In 
order to clear the fruit sales account of these unapportioned balances, 
they are credited to overage and underage account. Conversely, 
other pools may lack but the equivalent of a fraction of a cent per box 
of paying out. The accumulations in this account are then used to 
supply the deficiency. 

Building fund accumulations.—The financing of the construction 
of warehouses and packing houses, the purchase of the land, and the 
construction of the spur track is usually accomplished by means of a 
loan. This indebtedness is liquidated, over a period of 3 to 5 years by 
deductions at a given rate of 3 to 6 cents per box on the fruit handled 
for the growers. The credit balance appearing on this account is the 
amount of the accumulated deductions. As fast as the building loan 
is paid off, shares of stock or other evidences of the property interests 
of growers in the property of the association may be issued. 
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Undercharges.—All items of undercharges in freight, icing, demur- 
rage, diversion, and switching are credited to this account pending 
their adjustment. When organizations merely pack, warehouse, and 
load the fruit, but do not sell it, their selling agents usually attend to 
these matters. 

Against shipments originating from outlying points there is some- 
times a differential in freight of from 2 to 15 cents per hundred when 
destined to certain markets. The amount of this freight arbitrary 
is held in the undercharge account as a protection against possible 
claims from buyers. After a sufficient lapse of time a portion at 
least of the sum accumulated can be written back into the respective 
pools. 

Claims.—All amounts received in payment of claims against the 
railroad companies are credited to the ‘Claims account.” If the 
amount is sufficiently large, a disbursement is made to the growers 
participating in the pool of the fruit on which the claim originated. 
Otherwise the balance is transferred to the profit and loss account at 
the end of the year. 

Revenue accounts.—An account is opened under the caption “ Ware- 
house revenue” to accumulate the deductions made from the account 
sales for warehousing the fruit. The packing-house revenue account 
is credited with the amounts charged to the growers’ accounts to cover 
the cost of packing the fruit. 

In organizations where separate charges are made for labeling and 
inspection, the amounts of these deductions from the account sales 
are accumulated in the labeling revenue account and inspection rey- 
enue account. 

- If the organization owns and operates a truck or contracts the haul- 
ing of the fruit from the orchards to the packing house, the revenue 
derived from that source is credited to hauling revenue account, as the 
charges are made against the respective growers’ accounts. A sepa- 
rate account is opened with ‘‘ Truck expense”’ if the truck is owned by 
the association, in order to accumulate the costs of operation. If the 
hauling is done under contract, an account is opened under the name 
of the contractor for recording the payments made on the contract. 

Interest.—To the interest account are charged all items of interest 
on notes payable, including bank discount. The account is credited 
with all items of interest accruing from notes receivable. 

Boz making.—The cost of making boxes is shown by this account. 
It will be necessary to open the account only in concerns selling made- 
up boxes to the growers. 

Expense accounts.—A segregation of the office expenses and those 
pertaining to the conduct of the business in general is made by means 
of accounts under the following captions: Expense, advertising and 
printing; Auto; Drayage; Insurance and taxes; Labor (not charge- 
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able directly against packing-house or warehouse operations); Legal; 
Light, heat, and water; Office supplies and stationery; Postage; 
Salaries; Telephones and telegraph; Traveling; Miscellaneous. The 
balances appearing on these accounts at the end of the year are closed 
into the profit and loss account. 

Packing-house expense-—The segregation of the packing-house 
pay roll is made under the following items, for which accounts are 
opened in the ledger: Packing house—salaries of clerks, foreman, etc. ; 
receiving; sorting; floorwork, floormen, and truckers; packing; press- 
ing and stenciling; miscellaneous. 

Accounts are also opened under the following captions for segre- 
gating the cost of supplies and of expenses, other than labor, per- 
taining to packing operations: Packing house—boxes; paper; nails; 
light and power; repairs. 

Warehouse expense accounts.—The warehouse expenses are segre- 
gated under the following accounts: Warehouse—labeling; trucking; 
loading of cars; salaries of foreman, car checkers, etc. 

Car bracing lumber and paper.—Under this are included all mate- 
rials used for bracing cars, such as 2 by 4’s, 1 by 6’s, and car strips; 
also paper and straw used for car linings. The account is charged 
with the various items as they are purchased and at the end of the 
shipping season is credited with the value of the materials on hand. 
The balance appearing on the account, representing the cost of the 
goods used in bracing the cars, is transferred to the warehouse 
account. 

Reserve for depreciation.—Owing to the peculiarities of the fruit 
business, heavy allowances should be made to cover the depreciation 
on buildings and equipment. 

Instead of writing down the value of office equipment, packing- 
house equipment, and warehouse equipment, to cover the ordinary 
wear and tear or depreciation on these assets, it is a better plan to 
set up a reserve for this purpose under the caption “Reserve for 
depreciation on equipment.” This is accomplished by charging 
“Profit and loss” and crediting ‘‘ Reserve for depreciation on equip- 
ment”’ account at the close of the year. 

As in the case of equipment, the depreciation of buildings is set 
up in a reserve account under the caption ‘‘ Reserve for depreciation 
on buildings.” By itemizing the credits on the ledger account the 
amount set aside for depreciation on the packing house and that set 
aside to cover the depreciation on the warehouse can be ascertained 
at any time.! ; 

Reserve for bad debts —Uncollected balances on accounts receivable 
are often carried into the succeeding year’s business at full face value 


1 For further discussion of the subject “‘ Depreciation”’ see U. S. Department of Agriculture Bull. No. 178: 
Cooperative Organization Business Methods. 1915. 
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and are afterwards found to be uncollectible. . To charge these uncol- 
lectible items off during the succeeding year would throw the full 
burden of loss upon the business of a year in which it was not incurred. 
A better policy is to set aside out of each year’s profits a sufficient sum 
to cover the estimated losses on bad debts. The balances of the 
accounts found to be uncollectible are then charged to this account. 
Should any of the past due items thus charged off be collected later, 
they will then be credited to surplus. By showing the name of all 
uncollectible balances on this account a very definite record of them 
is established. The credit balance appearing on this account is the 
available amount reserved against losses from bad debts. On the 
balance sheet it should not appear as a liability on the credit side 
but as a deduction from the total amount due from growers on the 
asset side. 

Packing-house closing account.—This account is raised on the books 
at the end of the year for the purpose of assembling in one account 
the expenses and revenue derived from packing-house operations, so 
that these may be shown in their proper relations. The balance 
appearing on this account is transferred to the profit-and-loss account 
at the time of closing the books. 

The same procedure is followed for the closing of the warehouse 
operations into the warehouse closing account. 

Profit and loss.—The accounts containing profit-and-loss elements 
are brought together in this account at the end of the year for the 
purpose of determining the net profit or loss for the year. 

Surplus.—The credit balance appearing on this account measures 
the amount of undivided profits remaining in the business. The net 
profit or loss at the end of the year is transferred from the profit and 
loss account to the surplus account. The operation of a business 
at a net loss will result in a debit balance, or deficit, in the surplus 
account. 
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COST STATEMENTS. 


A statement of the average costs of packing-house and warehouse 
operations may be shown by means of the following arrangement: 


Statement of packing-house costs. 


Number of boxes packed .....- Amount. Average per box. 
Sa Maesrolelorem anpan duclenks ees sie 13 cease Gee eee i ee ee 


Pressing and stenciling, including labor, nails, and 
Branigan or vrnree Nant S255 TAT, SUR SO 2/54 SE, ORS od PU TOT teh ah 


-LLSUL) GWG: TEONIAG ES eee Be es a Se aaa te 550) Bese ce en a a ain el 
epee a Sees L BES OG OY OT LO OP Rae Bs LG! sire ee 
erect ne ttaxes 40424. Fated toe ey tye Pipe yy RSs! se ote b 
Bepreciziionjol.puilding and equipment...: = 22;5: bo 35-4- a2 4 Oe: Sagas th teh se oes 
eer ONLAN Cd ACCOUDPN Ge: 2. oom tae sd Ep ere ee ee Py oo 


Wotal)packing'cost --..255---. 2. PCI COMM ee eres nan Meee renee nee ees 
Packing-house revenue, 100’ per ‘cent j2025 222. eh SL 


Net revenue, difference ........- DELICCIL Sera oe seem eee er Peer es 


Statement of warehouse costs. 


Number of boxes packed ....-- Amount. Average per box. 

er alinie wOrIOtCHIAN ANG (CheC KES = sates oe\= 2 praia os oie ie = ere iS i oe aim opel mc a 
VISTI occ ome Seti init Be eile De el ii et eae va ee en ah lyin 
er MPUECALS aoe. Saou NS = eee = nS LAS Feats 2 = POISE AES, DO SEL ES TS 
Crtmpiretumimber,; paper, Ct@... 2-2 .=s yee) ears oak oe ede ead se 


Wepeeriaonsof puildingiand, machinery . »2-e2e-5Riensieje5.B- See elspa Ae 
AGmianmsiraL ton and, accounting... b).02). --|-. garage apse oa ity ares Sees - Bee ose 


Total warehousing costs....-..-- Per COMbsr aren Sere ae ee ee oe Comoe 
Warehouse revenue 100 perncenith:.: Meese (ee tee a eee) eo sae ie Seas 


Net revenue, difference ....... per Celitees 42 ce see: ation ze al aes eee 


MONTHLY REPORT TO THE BOARD OF DIRECTORS. 


In order that the directors may be kept informed fully as to the 
progress of the business, it is advisable that a monthly report be 
submitted, including the statements given below. This report must 
not be considered as a statement of the exact financial condition of 

5896°—18—Bull. 590-4 
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the business, as such a statement could be obtained only through an 
inventory of the supplies on hand, by taking into consideration the 
revenue accrued on unclosed pools, and by a ‘‘closing of the books”’ 
"in the regular way. A report of this kind would, however, present 
to the directors many matters in which they are greatly interested. 


TRIAL BALANCE OF THE GENERAL LEDGER. 


A copy of the monthly trial balance of the general ledger should 
be included in the report. While the trial balance constitutes 
nothing more than a transcript of the balances appearing on the 
ledger accounts, considerable information can be gleaned from it. 

It is important that attention be called to the necessity of taking 
a monthly trial balance, inasmuch as there seems to be a disposition 
on the part of many bookkeepers to allow this matter to go unheeded. 
While the amount of the transactions per month when averaged 
over the 12 months of the year seems relatively small, the business 
of shipping fruit is a seasonal one and the total monthly business 
during the active months is proportionately large. The manager 
should insist that a balance of the accounts be secured not later 
than the second day of the following month. By posting at frequent 
intervals during the month, the amount of posting to be done at the 
end will comprise merely the closing entries and columnar totals of the 
books of original entry. 


RECEIPTS AND DISBURSEMENTS OF CASH. 


A segregation of the receipts of cash for the month can easily be 
made from the cashbook, giving the total amounts received from the 
following sources: Fruit sales; cash sales of supplies; railroad claims; 
growers’ accounts; accounts receivable (other than growers); mis- 
cellaneous. 

Asegregation of the disbursements of cash to show the total amounts 
paid out: To growers; for supplies; accounts payable; expense—gen- 
eral, packing-house, warehouse; miscellaneous. 

A further division of the items grouped as miscellaneous under 
both receipts and disbursements of cash can be made if the amounts 
warrant and the information is desired. 
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MONTHLY STATEMENTS. 


STATEMENT OF SALES. 
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To show the movement of supplies for the month the record of the 
sales can be shown in the following manner: 


Record of 


Item. 


Gross sales 


sales. 


| To 
growers. 


To other 
customers. 


Cash 
sales. 


Total. 


STATEMENT OF INDEBTEDNESS. 


A statement of the indebtedness, segregated as to amounts due on 
notes and on open account, will be found of value in order to con- 
sider intelligently the proper financing of the business. 


Indebtedness. 


Item. 


Amount. Date due. 


Notes payable in favor of— 


EXPENSES ITEMIZED. 


Supplementing the information given in the statements of the dis- 
bursements of cash, in which the general, packing, and warehousing 
expenses appear in totals, a segregation of the same can be shown 
according to the accounts recommended in the paragraph entitled 
““Expense accounts” on page 22. 


RECORD OF SHIPMENTS. 


Number of cars shipped during month To date ———. 
Number of cars on which money has been received during month 
Total amount 


Pools closed, date ———-. Average prices 


28 BULLETIN 590, U. S. DEPARTMENT OF AGRICULTURE. 


The manager should include in his report a brief summary regard- 
ing other features of the operation of the business for examination by 


the directors. 
CLOSING THE BOOKS. 


Preparatory to closing the books, an inventory should be taken of 
all supplies on hand, and this schedule should be written up in per- 
manent form. With this should be included a schedule of expense 
items, such as postage, stationery and supplies on hand, and of- the 
unconsumed balances of such accounts, as prepaid insurance and pre- 
paid taxes. 

The balances of all expense accounts and income accounts should 
be transferred to the profit-and-loss account in order to ascertain the 
net profit or loss for the season’s operations, and this balance then 
should be transferred to the surplus account. After the books are 
closed and a post-closing trial balance has been taken to prove the 
mechanical accuracy of the work, the various financial and cost 
statements are made up for presentation to the members. 

As a guide for the preparation of a financial statement, or balance 
sheet, to portray the condition of the business at the close of the year, 
the statement shown on page 29 is submitted. 
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A statement of revenue and expenditure is made up to show the 
revenue accruing to the business during the season and the expendi- . 
tures which are chargeable against it: 


Statement of revenue and expenditure. 
REVENUE. 


Protition supplies eet. thee science pee ete tree Rete oe oem rans 
Prom: WATeHOURC OPErAblOBs: =.=... sc eeeeos eee emer pears acre 
Krom: packine-houseoperations: V2): 50 2tes-2 nto stink 
Interest ont preharvestdoans.222(05. Sis Aes. Se Pee ae 
Received,on claims not apportioned): —5-----2.+ -.-.-b5 -e eee. a- eee 


POtAle re Vem eas se ees 2S sale rete ean tis eke eaten ee Eee ye ae es 


Imterestion loansascceete = fas. Boia. hs eee ea ia Sp a de eee 
Expense: General (segregated as recommended in the 
paragraph under the caption ‘‘Expense accounts,’’ 


FILING THE RECORDS. 


The selection of a system for filing the records of the business 
should have close attention so that the various records will be readily 
accessible. After the system is once adopted it should be adhered to 
strictly and the auxiliary records should be filed daily, or as often as 
they are entered in the books. Most of the forms in this system are 
loose leaf and are filed in binders. The charge tickets (Form 1), the 
journal vouchers (Form 27), and the checks (Form 30) are filed in 
numerical order. The truck tickets (Form 8), the loose-fruit receipts - 
(Form 9), and the packed-fruit receipts (Form 11), are filed in a 
card file under the names of the growers in alphabetical order. The 
loading instructions (Form 14), the inspection reports (Form 16), 
the car reports (Form 17), the triplicate bills of lading, and all 
correspondence and memoranda pertaming to the shipments, are 
filed in the “‘car folders.” For this purpose one unit of a vertical 
correspondence file can be used, a separate folder bemg devoted to 
the papers of each car. The tabs of the folders should show both 
the file numbers and the car numbers to facilitate reference. 
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U. S. DEPARTMENT OF AGRICULTURE 
BUREAU OF MARKETS 
UNIFORM ACCOUNTING SYSTEM 
Fruit SHIPPING Form No.1 


CHARGE TICKET. 


Bought of 
File No. .... 


The supplies listed below are bought subject to the rules and 


EPH eit OMI OLontIN ee ea ee ae che = = Meee Bra Neg gh Sale Syamte tae ci 


Quantity. Items. Amount. 


Mimmber a2. Gold by.s4/.224-)- 1 a are eae) Ry aes SRE ay ame ; 


[Size of form, 74 by 44 inches, exclusive of binding margin at top. Bind in pads of 50, alternating originals 
and duplicates; staple and perforate.] 
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U.S. DEPARTMENT OF AGRICULTURE 
BUREAU OF MARKETS 
UNIFORM ACCOUNTING SYSTEM 
FRuIt SHIPPING FoRM No. 5 


BOX REGISTER. 


S. DEPARTMENT OF AGRICULTURE. 


This is a statement (1) of the number of boxes containing loose fruit, and bundles of tops and cleats 
delivered by you to the packing house, as taken from the loose-fruit receipt, and (2) of the number of boxes 
whether empty or containing cull fruit, withdrawn by you from the packing house, as evidenced by the 


box memoranda to date. 


Recapitulation. i 
New boxes. | Old boxes. Tops Cleats. 
Total boxes|packedsinicentralipackine Ouse) |se ees see a sea aa rae eae eee ae 
Ad diboxesswithdrawmn) by.theeTow ele =e ees renee eee |e eee seen eee eee a asa ee 
UNOS ea God cs oa ceabeadsesbacocde sone as boudsauoseboeHlbecoabesuesHoalsadosoosesesealaseesacossone 
LESS boxes delivered:by theigrower22- 250. ee ee nal sede sece Shon cle eee cones cele scemec eee. 
Number, OVERror SHORT.) ie) 0.2 ee eee Sines Nee Seek seen ealn Qa arses cease ers eee eee 
ET ee rc AOR aE aS eae SCRE Se sam SN CHB AS ote SEs Fossae. te Man eeBeee Herne eesacr ence s/s 
IDP-cRN OS 556 —SocuosseRoacocosaoqase|saorooccopRSsallsopedsacoqasas|bscecacso Sse sloonassosadsace 
We have thereforofredited your account with the value of the above, amounting to $............ 5 
Withdrawals. Deliveries. 
Has: frat | feat. | tae 
Date, frandua| -NOW, | 014, | Paps | Cle. || pate. [receipt] in | “in | Pops | Glats 
ber. ber. | boxes.] boxes. 


ee eee) eee eee ie ees ee ad 


Sees eee | ieee mines 


Kindly compare with your records, and advise us promptly in case there is a discrepancy. 
[Size of form, 11 by 84 inches, punched for 34-inch posts, 7 inches center to center.] 
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U.S. DEPARTMENT OF AGRICULTURE 
BUREAU OF MARKETS 
UNIFORM ACCOUNTING SYSTEM 
FRuUIT SHIPPING FORM NO. 6 


CROP ESTIMATE. 


GOW CT ee eee sw 2, MR Td Pate Nae I OS 191.. 


Remarks. Variety. Boxes. 


3 ea ee here Re a a Jonathan ees a Boies. wae 
Ia ISS tees Sle See Bae ees Sa Bananaes ssc. et SU ele ao es 
oR EAS Sa tent ay eg Re a Delictousgss4 .-e28 2 o.oo te. 
2S Scene bie SRS Cee es A pe Esopus (Spitzenburg).-|......-.-- 
son SO RES See te, Mepis hea SD Rome Beaty e422 2c)0 222 322 
Sc SeSSR SSR EON Cee ee Stayman Winesap ..-..|......--.- 
. . Cebee Satu ees ah aes eee Arkansas; Blacks 222.2 4.2: 


RE IP io Ao A aS oF aoe WORD seas ore, cet Ms Od : 


SOS Ce RTE aerate Sane es repens 1B Xesata Deh ia Vsja Amare wee tea aan Bee 


wocee eee ce eet ee et ee ee ee ee ee ele ee ee ee eee ee ee ee ee eee le eee eee eee 
id i i is ian 
i ie i ie ne a es ire 
ee ee i i eh a 


I hereby certify that the foregoing is a true and conservative 
estimate of my crop. 
AGE OW OTS ee sera 2 Sak bolas nee ria Seen SEN oe 
Entered... - 2. Bstimated, by eect sere. Ste Sleae 
(Size of form, 714 by 414 inches, punched for ring binder.] 
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ACCOUNTING FOR FRUIT SHIPPING ORGANIZATIONS. 
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U.S. DEPARTMENT OF AGRICULTURE 
BUREAU OF MARKETS 
UNIFORM ACCOUNTING SYSTEM 
FRvUIT SHIPPING FoRM No. 8 


TRUCK TICKET. 


| RYeveren hy (exo Levey cea einai Ph ae MUR Ec, Re Gar Op ft IMA gaa AAT oe, ec ets Re Mel pares 191. . 
ACCOUMMELO PASE oe eee hoes Simmel I is es oa cee ea Aan) ee eer eee | Ce 


This ticket serves merely as a memorandum of the following fruit to be delivered | 
tothespackine house of these. eek ce eee ene okie Cie es Cee one oe ee, Pah 
Upon arrival at the packing house a loose-fruit receipt will be issued. 


No. boxes. Variety. Remarks. 


Total number boxes. 


[Size of form, 32 by 5 inches, exclusive of binding margin. In pads of 50, alternating originals, duplicates, 
and triplicates. ] 


U. S. DEPARTMENT OF AGRICULTURE 
BUREAU OF MARKETS 
UnirormM AccouNnTING SYSTEM 
FRUIT SHIPPING FoRM No. 9 5 


LOOSE-FRUIT RECEIPT. 


Received on 
AC COMM tO be ey Reps NI Ege a eR SUNS esl Bae fer re OE EN eI ae a ae Re a 


The following is received in open boxes, as is for packing without guaranty from 


-the undersigned as to the variety, quality, or weight of the fruit. 
Tally. 


MotalyNOsbOXeS=. 4 -nereeeece cesses 
Tops, bdls. Cleats: GIs aka ie ie etre aE te eta ae sat ott cio coe | a pela 
INO ee aoa essed oa cee Bae oe SSE sso As eemetonee sabes a emen cecmiecl jecmaaic wars [Seeme ce eee Sener e aee 
INSP sascosnSoocgngoussons cd adaordeau 2a co ssoneTe sHoDdlosonasondd|>ssacaec bel sosceoscuslossosecbe= 
Dea sX0 PRR Renee EN ey NE eres nat Gy Truck ticket: NOs sees eee ees ees see Se eeee ae ee | See meee 


se of form, 41 by 51 inches. In pads of 25, alternating originals, duplicates, and triplicates.] 
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TALLY SHEET. 
Werle tyres eos accn'o clays on caus eoR tte Date ats 
Extra fancy Fancy. “C” grade. 
175 175 
36-125 | 138-163] & Sm. | 36-125 | 138-163} & Sm. 36-163 175 
36-88.a | 96-125. 138 36-88. | 96-125. 138 ‘| & Sm, 
& Sm. & Sm. 
Grower. 
Packed-fruit receipt No...... 99 = = |——— [eases Sons eee Se | 
MID OY HPN Ls Sk eile Sun kee Po arate faa a eT ag I We eyes | Pe pH Se a | MS Se 
{ 
Grower. 
BASS all te Seat | aoe EE eee semeeee Bs DEBE cyte cil hig SaaS 
eaeicedsmuatreceiptNov 4:2.) 9.) ae a ns eee ae |e 
WET i CS Sic SPN RSE cS SEES | ec RN IR ney Ine A PSE Ue ont | aa 
Grower 
Sees (ieee (oie is Jos Soo hb Solen oo scorns cee Scallpbe ce soolise sogdcn 
es 13-38 DOR i i ae i a’ 
Packed-fruit receipt No. -.-. — | 
GNOUE coed oto SOE TE EIS EIS Ses els are | reeset cal Rec retary ost ea om Levee seg t/a er ee Beg yen Ga ee 
Grower. 
Packed-fruit receipt No. .... ee ee ee 
ANGTEM oo 52 SRS es elses tC ARSE ICM Pal Srey a Sess] EReRe REN EN Rep rates i STN sa ear a et FIC AN od 
Grower | 
Packed-fruit receipt No. .... i em cs uO eS es a [ee 
UNQUE Se Se te oe Ree Be re ceo OE Orrell <= | aa atte Ea ea] Pug eg NE EER Kala Ar 
Grand total. ... | 
Receiving clerk 


[Size of form, 13% by 102 inches, punched at top for 34-inch posts, 84 inches from center to center.] 


a The above division of sizes pertains to Delicious, Banana, and Rome Beauty only. 


Receipts written by 
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U.S. DEPARTMENT OF AGRICULTURE 
BUREAU OF MARKETS 
UNIFORM ACCOUNTING SYSTEM 
Fruit SHIPPING FoRM No. 11 


PACKED-FRUIT RECEIPT. 


Received on 
ACCOUMOL ee eB ee tse aac aah ae ater Rede ar anh ater ein aN ae ite atts 
This receipt is not negotiable. 
Except by special agreement, all fruit handled for growers’ account will be pooled. 
Important: Please examine this receipt carefully; in case of error have same 
rectified at once. 


Extra fancy. Fancy. “C” grade. 


Variety. 175 175 
36-125 {138-163| & Sm. | 36-125 | 138-163} & Sm. 36-163 175 
36-88.@ | 96-125. 138 36-88. | 96-125. 138 ss 
& Sm. & Sm. 


HO ood lhoscesssssllbse55ce5|habdoccs|scdopseo|Ssaceedalboopeddalessacarc|sososoculbolssd|ssecas|sasoce 
a The above division ‘of sizes pertains to Delicious, Banana, and Rome Beauty only. 
Hmtered Da ccirs a= --eppsee Nee cohen Per he Peek Som enee sce Na eee ese 


[Size of form, 54 by 8} inches, exclusive of binding margin. In pads of 50, alternating originals and dupli- 
cate; staple and perforate.] 
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U. S. DEPARTMENT OF AGRICULTURE 
BUREAU OF MARKETS 
UNIFORM ACCOUNTING SYSTEM 
FRUvUIT SHIPPING FoRM No. 14 


LOADING INSTRUCTIONS. 


Load the car according to the following instructions. 
Return this sheet to the office with the car checker’s record. 


OrdenniumMpeLran.ce se se se ee Se Date order received............- 
Date order confirmed..........-- Datextosbevloadedssses25 2422 4-5- 
Number a Extra “oO” ; 
ASEEES) Variety. fancy Fancy. grade. Sizes. 
Loaded in 
Carmumpers. 22.2 5es< Daterecce.= 191_- 


[Size of form, 84 by 6 inches, pad at top.] 
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U. S. DEPARTMENT OF AGRICULTURE 
BUREAU OF MARKETS 
UNIFORM ACCOUNTING SYSTEM 
FRvuiItT SHIPPING ForRM No. 16 


INSPECTION REPORT. 


INO pee seers Woadedsaticcaccssvindsieck. 5 - setts esi Datewscnccs deste lilies 


POS RE? 2100, PUGLISI SE eee ie ee See oo oe cee ee ome et ae ome ee 
ite realty MOvast LAr G se se. sacha SS Ste Sas eis oie SR ich pe as nk tp 2 Serre 


(Inspector.) 
[Size of form, 84 by 53 inches, pad at top.] 
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U. S. DEPARTMENT OF AGRICULTURE 
BUREAU OF MARKETS 
UNIFORM ACCOUNTING SYSTEM 
FRUIT SHIPPING FoRM No. 17 


CAR REPORT. 


ORDER AND BILLING RECORD. 


IL page xG havens Orov a Ges cn nay yh ye ke MSI Sth) AE ee IN Ly es A a Car Noi Gee. ee 
Date car ordered.........---- Hour aee esse Date to be placed... .- Homes 
Ordered iced or vent.......--.--- ote attra etal See pa cSt nn a el tea 
Datespotted sen = se. JaloWiee oS cose Date forwarded. .....- IBIS Bis Bieecte 
Watevoullede pest sss sys velo lg OT eal yea Paes I At aR tye ae yg a Me 


LOADING REPORT. 


Began loading? ies. e2 eee Howrey. Minishred/ ss 4s Serres Hicure eens 
Wasicarcaretullytexamined toridetectsra. 22-42 seas ons eee a 
State defects found in floors, doors, ice tanks, plugs, etc..........--...-------------- 
Quantity of ice in tanks when spotted, brake end.........----- ieavend ess aaa 
Quantity of ice in tanks when forwarded, brake end..-.......-- Reamend sees 
While loading, were plugs in or out?.....--.--.- Vents opened or closed?....----..- 
When forwarded, were plugs in or out?..-.--..-- Vents opened or closed?-..-.-.--- 
Wasistandard sto ppie: and lbracino ised tama) ste ees eee ene sees ars ae eer 
Wasloadine delayedie ee .---esa= =e r= AV ays? pt rie spit aro A estas pea irs nm ie 


GENERAL CONDITIONS. 


Condition of weather when car was loaded..........-...-.-.-------------- 


Temperature in warehouse while loading car.............-.-....--------- 


[Size of form, 8} by 53 inches, pad at top.] 
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138 150 163 
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Total. 


MANIFEST. 
HGOTAC CUAL Meee ees ge cee eeu Wal 
MEP MEMELOPaa tee te tcc gst 
Warnile No: 2... .. 5. CariNow or amar Routing 
Variety Grade. een 72 80 88|96 104 113 125 
wotetenerensenses|eeeecencfeceeeese [eed setaeeecal Berea eee soc 
scale Oe ee jssceeeseeefeeceseceececeees 


[Size of form, 74 by 84 inches, pad at top.] 
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BUREAU OF MARKETS 
UNIFORM ACCOUNTING SYSTEM 
FRUIT SHIPPING ForRM No. 19 


oe Se 


INVOICE. 
ING, Soba eo S Ee Gees ere PTE Riera ea 

BouGHT OF 
PRenmse esse 


eocccoee 


[Size of form, 63 by 74 inches, pad at top.] 


[10910 04 JeqUeO seyouT » ‘sysod YouT-8% 10y peyound ‘seyout 8411 Aq ¥1T ‘UAI0} Jo ozIg] 


*[ood jo enj[va you [Venjoy 


-qunOuL\y 


‘lequinu 1e9 


ee ey peaoiddy 
a acre: CA ead hg saa ay en a ne an YO] [00g, 


‘ON OH | AL 


5 Wein tether e 0/8 eseiepun Pus O2BIOAG 
E(k a Se ana Got 2 ae apes or Sane Gees te OS siaMois AIpung 
3 CS RN DRGCENY KAR Me Ie ac cca en ee eee al ea” Cd eae enueAdI SUTTeqe'T 


2 eee meee wae He Se a cee Gn ae, pete A Ce ie Sane enueAel WOToedsuy, 


“suoTjonpeq 


“SyTpeIQ ‘suqea 


“MOT|NII4sIp jeumor 


*sT@I0, 


*P1O} SSUTIO0.T 


BULLETIN 590, U. S. DEPARTMENT OF AGRICULTURE. 


48 


*pozi[vel yUNowWy 


*peseje suIN4e1 e7eq 


eee. sie sie = AQoue A 


*sexoq 10q ce Oo» “AOU 


-UInU [240], 
*peddrys sepeiy 


\LHHHS TOOd 


*10q 
-tint I%9 


‘lequinu 


ary aeg “queudrys yo o3eq 


02 ‘ON WO] DNIddIHg LAAT 
WHISAG ONILNQOIDY WUOsIN] 
SLUMUVW JO AVaUAG 
TANLINOIUDY JO INAWLAVaEG “Ss “A 


49 


ACCOUNTING FOR FRUIT SHIPPING ORGANIZATIONS. 


['107199 0} 10}u99 seyaut » ‘s}sod yout-8¢ 1oy peqound ‘soyout 841 Aq FIT ‘Ut41of Jo 9219] 


iiae 1 IR. ade pear as BI SSS BG oe Raven pall oe Oe ie PRR Py RT he Re lp rads ee *[ood jo onjea [enjoy 
eet hs eee os a se acini ea ogni ee rede one ea eae Gna cen sae es RO SVIG DUM | PUBiOs GION (iss 
eae RE SNS scr GM TTS ates Rae S25 | a5 (ea sae Steet ca sige cies mee Cie age ask (oe) She ap ear cag ic ose ee Piece stee STOW Owe SAL DUT seed panel seoolsces|ecce}asse|ooaallonoollo cy aap 
opnle le =\= mimin nia = see wie on aw ein mainline me ninja =| selma a oe | a 5 cle aie a = ale o|/= @ = mnie © a wine we wie mmm wenn enim a einen nw ine no a cinin en esac e wie SUI[Iqe'T —|—_- _ —— 
DORR SEAR gen INO] | ORYOR OKO Ee ESR PORES SO cT RBIS O9 GOOG DOB SESS SISO DG OB ISAS SOB SIEID HO SASS ODO GO) gh Gye Looe eal 08 f Bk IE Pomel Pee eee | ed eee alae es a 
Ma ed ee ae MAOTO OO |---- [ooo -|oo ce] selene terres seen es eo---- 222° -antgner esnOyere Race [ge Seal ag alee a= gelato 
We Ease Pe Gaesascoog pee OA op P225|[20290 2ag|foosa}f) ssc bosd fp aosnep as dean poncamoeSaonodSasGHaoD sas ecooooF CN ie eN CULT) Seay Se | Sa a | esa Sea el ee 
“SqIpatD “sqIqoqd “HOFJNIIASTp [BUI ¢ ace|lGen Gaaollanonllacc aliaesclleGaclisesallce so5e05 
enyea 
“13 JON, “opel *£oy 
ee ees pa hess =e ed | AOTBH | xq | “AE 
"smOr} ; 
-onped suorjonpoeq 
—— ar 
“S[@10,, 
ee * p10} S3Ur}00\, 
qunoury soxog ‘yunomry | ‘soxog “qumnouly *‘soxog “qanouly “soxog 
"pe 104u0 : sexoq |. ‘ON “quouadrys 
suIn}o1 “OPCIS 6D,» “fou iy - AOU] VIX GT “ACE peel equmMu Saar: ay jo 
e1eq [R10n, reo a1eq 
*SUM401 ON, 
gacmmeceen cle mogaccecrisising Ayers A. 
‘LOGS TOOd 


V0Z “ON WOW ONIddIng LAA 
WHISAG DNIINHOODY WAOdIN| 
SLOMUVIL JO NVAUA 
GFUNLIIOUDy JO INGWLUVdEC “§ “A 


50 


U.S. DEPARTMENT OF AGRICULTURE 
BUREAU OF MARKETS 
UNIFORM ACCOUNTING SYSTEM 
Fruit SHIPPING FORM No. 21 


BULLETIN 590, U. S. DEPARTMENT OF AGRICULTURE. 


UNIFORM ACCOUNT SALES. 


Adopted under the provisions of the uniform contract of the Fruit Growers’ 
Agency, Inc. 


File 
Ace’t . 
Sales No. .... 
So Sigh taleya tare eee) 2 ere Se ae 5 UG 
Ex. fancy. Fancy “CO” grade. 
Total number of boxesin this pool...-.-...---.-.----|---.----|----|--------|----|--------|----]-------- Pat 
Gross realized values F. O. Bee SER Setar tees Aes) ese a See ace nace jee Meck caleoealeossesee AZ 
DEDUCTIONS. 

Warehouse charges .......---.----------+--- Der DOX=a|eeeeesee |= So eames 4ilien Persie Sea Sweater ee ee 
Inspection charges.....-.-.-..-.--.-.------ iD SOR. lo 5565 c6|socs||sace0ces Secdfsasacs0c)|sseo}ssossosa|aso- 

Labeling charges. ........-.--.------------- POT: DOK s| Sees lee |ees oleae sel cect leee eee aaliscierteeats eS 
essitotalicharges in: <. Seco ane ve ein icy ecisdeteis Decisions [emer eianal= Be eR cneeelone sl op enean sane bscoonse seis 

Net amount of returns to growers. ...-..-.-----------|--------!- i emp jell crease h | SN . 
DISTRIBUTION OF RETURNS TO THE GROWER ON .....--------------- VARIETY * 
Extra fancy. Fancy. ““C*’ grade. 
Net 
175 & 175 & average soe 
36-125 138-163 Sm. 36-125 138-163 Sm. 36-163 175 & price ‘ 
36-88.2 96-125. 138 & 36-88. 96-125. 138 & Sm. 
Sm Sm. 
r 
a Above size divisions pertain to Delicious, Net amount credited 

Banana, and Rome Beauty only. to your account....-.|..---|.... 


Norre.—We are to-day crediting your account with the net amount of this Account 


Sales which is a report of results on the pool as shown above. 


The amount credited 


to your account is the amount indicated as “‘Net amount credited to your account.”’ 
Only such charges as clearly constitute a deduction from the net results to the growers 


are shown here as ‘‘ Deductions.’’ 


Other charges, such as ‘‘Packing’’ and ‘‘Reserve 


Fund,’’ which are either an actual orchard expense, or a permanent investment, 
are not classified, but will be shown on your statement of account, which will be 


rendered on another form. 


Keep this account sales to check off the credits on your statement. 
_ [Size of form, 11 by 83 inches, punched for ;s;-inch posts, 7 inches center to center-] 
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U. S. DEPARTMENT OF AGRI 


CULTURE 


BUREAU OF MARKETS 
UNIFORM ACCOUNTING SYSTEM 
FRUIT SHIPPING FoRM No. 23 


Variety 


INVENTORY SHEET. 


BULLETIN 590, U. S. DEPARTMENT OF AGRICULTURE. 


Extra fancy. 


Date. Item. 


36-88, 


Shipments. -. 
Balance 


Shipments. .. 
Balance 


Shipments. .. 
Balance 


Shipments 
Balance 


Shipments 
Balance 


e-------| LOUGL....----|------- 


36-125 |138-163) & Sm. | 36-125 


175 


a) 96-125.| 138 


& Sm. 


36-88. | 96-125 


138-163 


*| 36-163. 


a The above size division pertains to Banana, Rome Beauty, and Delicious only. 


Inventory Clerk 


[Size of form, 114 by 11§ inches, punched for -inch posts, 7 inches center to center. ] 
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REGISTER OF ORDERS ON ACCOUNT. 
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HormtheseasomiOf COs S23 sete a atajo sacl eters Be apope @, ave wale ih cin. ale, ssieraferelelemicys 
Payments applied. 
Order Date 
number.| accepted. Drawer. Payee. | Address. | Amount. 
J.V. | Date. Amount. 


[Size of form, 114 by 113 inches, punched for 2-inch posts, 7 inches center to center. ] 
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U.S. DEPARTMENT OF AGRICULTURE 
BUREAU OF MARKETS 
UNIFORM ACCOUNTING SYSTEM 
Fruit SHIPPING ForRM NO. 27 


JOURNAL ENTRY VOUCHER. 


Attach invoice here. 


Debit Credit. 
Pe ea I ae acacia ve lays STP os Sim elaicie re eieis = cya eee See Saison awed ees hl ed los Ske 
0 ee See ine rn cm eR Nd, Os RE eee Do lac R gee OL oe 
Date Items 
For 
Received payment in fuli of above account. 
NPT See on ee Mees ad AS Rey UREN SNe ECA SF AGES Dollarseeeetees 
Sho AOC ODED SD DORE eles th cscs eRe epee Meee ety Pm Weer o ege SRRRER r Ae RG Arnie SEGRE St) Weep 
[Size of form, 84 by 83 inches, pad at top.] 
Voucher No. ....-- 
Check No. ...--- Amount, $.......... 
Check drawn in favor of .--.....--..--------.--- 
Debits: 
Credits: 
Vouchered and entered: dg JD, 
Approved: 


[This form is printed on the reverse side of Form 27.] 
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U.S. DEPARTMENT OF AGRICULTURE 
BUREAU OF MARKETS 
UnIFORM ACCOUNTING SYSTEM 
FRvuIT SHIPPING FORM No. 31 


LABOR DISTRIBUTION SHEET. 


BULLETIN 590, U. S. DEPARTMENT OF AGRICULTURE. 


INAMO Ee Aare nels bie) satel Sl ee Ga ec 2 Ne eS Ae a ol TS Nore see 
Packing house. : Warehouse. 
g 
Ste eae We) a lecalge elelele|s|é 

Be ES Aare eh es esnel | ee OR BeR Ener Despeb leap: «lh 
i) eds heals oul seals S/5/2\/a|2/2 € 
SQ i |e | a es Pe es | el is | SS fal fe re) 
Tos feee a| ego 1 ema ek ne ste | P| bepress e eeeel eeel| eel at 
2 Wiel Saeac||Seoaa|osees|sasec pana Seees| Sease Ssdnd |ancacllouass||sasaq|a5550| Geosa|ioSaerllsoacallaccod|asorc. 
3 113} ||s8 56 |acacelleoace|Gooaclssoce|loncus||>aecd leases Sacecllsaocd sscss|Saccallooace|leacan|isneccllsocsalleceac 
4 1M) ecde| laaseelledacs base suena ease [decor seose|lasane [eeorelsacce|ecass|lescaqlesoaa|l2oces|]s2055)|----- 
5 Phd), ||SR Sua saaea Be osdliso seal oc one] aaens sacse| Wosscllbaecalloncdllaesnal esos beaeello sass lecdos|-a6celleaso. 
6 Pa Ser bases) seaees |S Srise eaese lasanel aemae asece soca eqcse Seas aces lasesalle coon Pacae laeaaalaekGe 
7 PP) Nes onallgacad| GaseE sacds| noodelisonos sacarllaacon Ssacellasccclsacao loose lscostieesosllesoadligcnscllecosc 
8 72 ee eee eee eee] eee ees Decisis ese cca jaaorel eeCot Sees eben Eecas Sease ceca Senad voese 
9 23 ee eaelisoncallacoca|ico sec lRecualaseclaeocs|leceaolleabes |e oss| assed eoose beceellasces|losorellsascellsccos 
10 PAD ane eS Ai Ise A ee [ee eas | ene Sueselo| ees) Ma bate ae) MeeuM eM ewel esto tall cei 
11 P18 Boog |soe cdl leasaa sceac|soeed sauod woreda pocad lseea|lssacelloaoaelesose sosdalscecd|lacob-locacec Besse 
12 DTP ee ea eerste el | ete alieror nee mrcrsteye | eres, al eee tata eestor eee ia aicterael| acsin are eee [ete | ecesere lao | eres 
13 28h aos Me eral ee wicicleiece ealteierainel| Sistoe ete selected a louse [eels seal sietsicve| atoms eee ueralloereteec|| Severed ects teers 
14 PA esas Mises (Acorn an cacl sero accel aes) pcrecal eras) tees] esl See acs | wal bape Pies ol asl Yi 
15 FO) teal eee Petes Spee pan) (ie ese en baa el ere eee A [> Oe Poh era eel ag so 

SU eateal ie veleere Sacealee sealinserse ered seer en tes apes Seoul Gs UL Se eal eee lamea Ses 
Motalesc sale se sass (aac [ssasciaeese|ecaen lace alec terse ne eel wecill -e ee een ceo saeco | oes 
ROME as asta aise eee ee elisa sie ce icietosine oe eleeee Oi Se bs hice ani ane sidis ee aloe Soe E Oo sees 
RiMeKeCC DCR emer eee. eee eee es ae ee eee eee eens 


[Size of form, 84 by 54 inches, pad at top]. 
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U. S. DEPARTMENT OF AGRICULTURE 
BUREAU OF MARKETS 
UNIFORM ACCOUNTING SYSTEM 
FRUIT SHIPPING FORM No. 32 


JOURNAL DISTRIBUTION. 


Journal voucher No. ...--.- 


Debits. Credits. 


PACKING HOUSE. 

Foreman and clerks! .---2--2:--25-:--------|---- gasdiecce|looaeneclesse 
IREGeIVAN Ee ese ee Sen eee ee ECP ect cen eee eee Rees peee ee eee 
OLIN E Ne) era cepa s cee nt notes ee Pict sctay ie all cine Sete ed eee cis eel ere 
TOOL WOT Yo sho Sie,s clo oe ts hostels Ee eee ooo aoe S| Seal soon see lca se 
TPA CKAN Daehet roi oriyas ia seein ae ies aoe Ca ec See ae oles | eeceetea dees 

IE TOSSIM Ge cree Nake cicte jatcts oe sere oe ye eal emote sme lecinc| teaser ee 
Miscellaneous teeesteseee meee ee ee eee ee | saree a | Brera | Oe eee | eae 
Handling (sippliesss)ssacee case eee eee Cece ees bene eee asees aeee 

WAREHOUSE. 

Foreman and clerks............-.---------- re Seva sical eed | ace Soames 
FBT CRAM Be ase arae icc cre hel well ioe Sporto | pees bal ga AES 
E ygithecne in Ore NPI KOLO UD aL mee SRNR nae See a oar say Sh hg MON a Seal Hemet BIE 
LORE OTe) Cade eo aoe RL a Se A ae cel Ma By all sha aes | 
Miscellaneous sseec25 o-bast cc ee ene nae soe eee eRe Be etal ere 
OTT COP ec Moe pies He cada ie WU MU Ds ae asa lie eases tein 


[Reverse side of pay roll, p. 59.] 


ADDITIONAL COPIES 
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THE SUPERINTENDENT OF DOCUMENTS 
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AT 
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Contribution from the Bureau of Markets 
CHARLES J. BRAND, Chief 


Washington, D. C. PROFESSIONAL PAPER December 26, 1917 


MANUFACTURING TESTS OF THE OFFICIAL COTTON 
STANDARDS FOR GRADE. 


By Wim §. Dean, Assistant in Cotton Testing, and Frep Taytor, Cotton 


Technologist. 

CONTENTS. 

Page Page 
MAIMOMUCU OM a. oa seca. oo ea cc eee Sack ses 1 | eBleachingeteststofiyarne <2. eeepc ssece ce =e 18 
OniciHOnune COuLOM cms 22sec Se Dee sae ~'= =e 2 | Bleaching tests of piece goods.......-.....--- 21 
Spinning tests at cotton mill............-..-. 2 | Comparison of the results of spinning tests of 
Spinning tests at textile school-............. 8 the old permissive cotton grades with the 
Weather, relative humidity, and moisture present official cotton standards. --..-.-..-. 23 

content during spinning tests..............- 13) {MSUMMAT Yrs os cee asics ace eoee et cede 24 
Manufacturing properties...........-.-.-.-.- 17 
INTRODUCTION. 


The spmning tests herein described ! were conducted for the pur- 
pose of determining the relative intrinsic values of cotton of the 
grades of Middlimg Fair, Good Middling, Middling, Low Middling, 
and Good Ordinary. 

The principal factors considered in making the tests were: (1) The 
percentage of waste; (2) the tensile strength of the yarn; (3) the 
bleaching properties of the yarn and cloth; (4) the moisture content; 
and (5) other manufacturing properties of the cotton. 


1The cotton was purchased by Messrs. D. E. Earle, D.C. Griffith, W.C. Neale, and Hal Brown, cotton 
specialists. The grading was done by the board of examiners (a committee authorized to hear disputes 
under the provisions of the U.S. cotton futures Act). The tests, spinning and weaving, were conducted 
im representative mills at Fall River, Mass., and in the textile department of the North Carolina State 
College of Agriculture and Engineering, West Raleigh, N. C., under the general supervision of Fred 
Taylor, cotton technologist, and D. E. Earle, specialist in cotton classing, and were made by William S. 
Dean, assisted by George H. Anderson, assistant in cotton classing, and Messrs. J. J. W. Cooper, C. E. 
Coburn, C. E. Killingsworth, R. V. Hellams, and H. B. Richardson, assistants in agricultural technology. 
The bleaching tests were made by W. S. Dean and Prof. Everett H. Hinckley, in charge of chemistry, 
New Bedford Textile School, New Bedford, Mass., at bleacheries in Fall River and in the New Bedford 
Textile School. 


Note.—This bulletin should be of interest to cotton producers, manufacturers, and dealers. 
7875°—17—Bull. 591——1 
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ORIGIN OF THE COTTON. 


Cotton of each grade, approximately +3 mch to 1 inch im length 
of staple, was purchased from the following zones or sections of the 
cotton belt: Piedmont Plateau, Atlantic Coastal Plains, eastern 
Gulf Coastal Plains, western Gulf Coastal Plains, and the western 
Prairie Lands and Plateau. These zones, or sections, are recognized 
as producing cotton of different character, largely because of differ- 
ences in soil or of climatic conditions. 

The cotton used was from the 1914 crop and was purchased during 
the months of May and June, 1915. The Middling Fair cotton was 
slightly below the standard grade, suitable cotton of that grade not 
being on the market at the time of purchase. 


Fig. 1.—Map showing the different zones from which cotton used in the tests was purchased. 


Samples were taken from 12 different parts of each bale and 
graded by members of the board of examiners, a committee author- 
ized to hear disputes under the provisions of the United States 
cotton futures Act, and rejections were made of bales not uniform in 
grade and staple. 


SPINNING TESTS AT COTTON MILL. 


The upland cotton produced east of the Mississippi River and that 
produced west of the Mississippi (see fig. 1) were tested separately 
by grades in a cotton mill in Fall River, Mass. 


METHODS OF COMPARISON. 


The bales of cotton representing the five grades were weighed 
carefully on the same day, and these weights, less the weight of 
tare, were used as the basis of calculations in making the spinning 
tests. In each case the different bales of cotton of the same grade 


TESTS OF OFFICIAL COTTON STANDARDS FOR GRADE. 3 


were mixed thoroughly. The cotton was run through a bale breaker 
and then through an air pipe, which conveyed it a distance of ap- 
proximately 200 feet, where it was deposited in a large pile. Inva- 
riably this was done late in the afternoon, and the loose cotton was 
left in this condition over night. 

While the cotton was passing through the breaker and finisher 
pickers and cards total weights of the stock were obtained after each 
process on scales sensitive to half an ounce. The different grades 
were run through the same machines and subjected to the same 
speeds, settings, drafts, etc., throughout all the manufacturing proc- 
esses, Subject to such changes as were necessary to maintain a cor- 
rect weight of the stock. The cards were stripped at regular inter- 
vals in conformity with the best mill practices. There was no ~ 
intermediate process of doubling in the picker room; therefore three 
processes of drawings were used. The bands, spindles, rolls, etc., on 
the spinning frame were examined carefully in order to eliminate in 
so far as possible such mechanical defects as would tend to reduce 
or vary the quality of the product. 

Table I gives the organizations of the machines used in the manu- 
facture of 22’s yarn. 


TaBLE I.—Organization of machinery for 22’s yarn. 


= ve Actual . P Twist per 
Machine. draft, |Doubling. Size. ia ane 
Pickers: 
Bale breaker— 

Openerandibreaker (combined) <=. 2: 2=-'- See -|ss-e-se-5-|----5-c0 = 16-071 aD ee| sae ee eee 
PSISH ET Meese Ennis late 2 ae 4.50 AS 132-07 ela pees |seeeeee eee ee 
BEGIS. — fs pee ne eA ee EME <2 99. 65 i) |W5Gerains= |e seen 

Drawing frames: 
IHIEStGn eT WING saree oe te ae oe eS. 5.38 6) (26225; or ainss ss aes 
SECONGIOTA WEN Sas sehen ee sok cele bes: ee 5. 43 Gal6Derainsee | he see eee 
ERNIE CHCnA WIT Sep ea en en ee ees st ee 5, BY GE) Vai erainses sss ees 
Fly frames: : 
Bld Delpsee seeeee sce as sobce Sane oss ee + ~s steerer 4.5 1/05 hank 0. 85 
. roving. 
mtenmedintessa so: suneerce oe Cae tel LS Eaemer 5. 60 2/)1.40 hank 1.42 
roving. 
IMG. = Genceneo See eeC Ge eee Saas aeme, oy 6, 28 2/44 hank 2. 51 
roving. 
Spinning: 
UII PSIn AM Chat ae sok a2 ee ieee os Lies 5 seme 10 7 Had a es gears ie 22. 23 warp. 
EUINI OBER ITIC mre neers eer Silo Se winratee see «ale eae See sae 10 DH P22 a uoomcemcee 17. 50 filling. 


WASTE PERCENTAGES. 


The percentages of waste discarded in the manufacturing processes 
from each of the five grades of cotton of both the.eastern and western 
upland lots are found in Table II. These percentages were computed 
in the following manner: The waste discarded at each machine was 
considered as being a certain percentage of the net amount of cotton 
fed into that machine, but the total percentages as given ‘through 
the card” were based on the net amount of cotton fed into the first 
waste-cleaning machine. The tare on the bales was not included in 
these calculations. 
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TESTS OF OFFICIAL COTTON STANDARDS FOR GRADE. 5 


A study of Table II shows a close relationship between. the per- 
centages of waste discarded in the manufacturing processes and the 
corresponding grades of cotton. The percentages of waste increase 
consistently as the grades of the cotton decrease in quality from Mid- 
ling Fair to Good Ordinary. The amount of invisible waste is com- 


t t T t t 
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Fic. 2.— Visible waste percentage of five grades of both Eastern Upland and Western Upland cotton. (Mill 
tests.) 


paratively regular, indicating uniformity in the moisture content of 
the cotton while it was being manufactured. In the manufacture of 
western upland cotton a somewhat increased amount of waste, as 
compared with: the corresponding grades of eastern upland cotton, 
was discarded. However, these figures are not conclusive because 
they indicate the results obtained from the crop of only one year. 
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Fic.3.—Combined visible and invisible waste percentages of five grades of both Eastern Upland and 
5 Western Upland cotton. (Milltests.) 


Figure 2 represents graphically the total visible waste percentages 
of the five grades of both eastern upland and western upland cotton. 
The combined visible and invisible waste percentages of the five 
grades of eastern upland and western upland cotton are represented 
graphically in figure 3. The figures given in the table below each 
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graph were taken from Table II and placed in this position for con- 
venient reference. The close relationship between the cotton from 
the two sections of the cotton belt and the relationship between the 
grade and the percentage of waste are apparent. 

It should be borne in mind that the greater part of the cotton 
taken out as waste has a commercial value, since it is used in various 
branches of the waste industry. 


TENSILE-STRENGTH COMPARISONS. 


In order to test the yarn produced from each grade of cotton under 
uniform conditions, tensile-strength tests were conducted in the lab- ~ 
oratory of the Bureau of Markets, United States Department of 
Agriculture, at Washington, D. C. Cotton is hygroscopic, and any 
change in atmospheric moisture affects the tensile strength of the 
material. The laboratory is equipped with humidifiers which are 
regulated by an automatic control within approximately 1 per cent. 

Skeins of 120 yards each were reeled off the bobbins of yarn made 
from the different grades of cotton and placed separately on racks 
constructed for this purpose. After a sufficient number of skeins 
had been reeled off to give positive results! they were allowed to 
condition in the testing room, having a temperature of 70° F. and a 
relative humidity of 65 per cent. Subsequently they were taken 
from the racks one at a time in rotation and broken with a power 
yarn tester, the downward stroke of the traverse moving at the rate 
of approximately 12 inches per minute. _ 

Table III gives the result of the tensile-strength tests of 22’s warp 
yarns made from five grades of eastern upland and five grades of 
western upland cotton. 


TABLE III.—Comparative tensile strength of 22’s yarns in pounds per skein of 120 yards 
(mill tests). 


Eastern upland. - Western upland. 

Ee : 

constant. 

M.F.|G.M.| Mm. |L.m.}G.o.| av. |m.F./a@.m.| m. |u.m.]@.o.| av. 
(VU. 5 donsenec0S 75.9 76.0 75.2 Zao 70.4 74.0} 84.1 85.7 83.7 (2a 76.6 80.5 
Oe saoanooecde TSE AOL4 |e | Wise ler Oona CoedaleeSOsau) O20 Soran coom nado 80.0 
(he Sesoascasad AM aS )| ye LOS 5) ON 166540) \s eon er S245 ||- 79. Olan Oale: OSs Zan meant Viel 
ARB) secncqscene 72.5 | 69.8] 69.8] 69.6] 67.6| 69.9! 82.7] 78.9] 78.5} 69.1] 71.9 76.2 

Average.....- 74.6 | 74.5| 72-5] 71.5] 68.0] 72.2| 83.9] 81.4] 80.9/ 71.1] 74.9 78.5 


1 See footnote, p. 17. 


Table III shows that the grade of the cotton®@oes not always 
govern the tensile strength of the yarn. 

During the month of June, 1915, within which this cotton was 
purchased, it was not possible to secure different grades of cotton 


1 By taking subtotals and averaging the tensile strength it was found that 24skeims usually were sufficient. 


TESTS OF OFFICIAL COTTON STANDARDS FOR GRADE. 7 


from over equally distributed areas in each section or zone where it 
was produced. This was especially true in the sections west of the 
Mississippi River. The soil and weather conditions often vary con- 
siderably within the same zone, and even if several bales of cotton 
originated from the same locality it is entirely possible for con- 
ditions to affect the tensile strength of the yarn differently. 

The inconsistent variations shown by the tensile-strength test sug- 
gest to the manufacturer who wishes to maintain more uniform 
results in the manufactured product the importance of thorough 

Sais g. . 

In practically every case the yarn made from western upland 
cotton was stronger than that made from the corresponding grades 
of eastern cotton, the difference being from 5 to 9 pounds per skein 
of 120 yards. This observation sustains the prevailing opinion that 
western upland cotton produces a stronger yarn than eastern, because 
its staple is of a heavier body. The fibers are greater in diameter 
and more wiry. For these reasons it is better suited for warp yarns 
than eastern upland cotton. The latter is better suited for filling 
and hosiery yarns because of its softness and pliability. However, 
in the waste cleaning processes western upland cotton lost more than 
eastern upland cotton. 

Figure 4 shows graphically a comparison of the tensile strength in 
pounds per skein of 120 yards each of yarn made from eastern upland 
and western upland cotton. The 22’s warp yarn with 22.23 turns 
per inch, or a twist constant ‘+ of 4.74, was used for this comparison. 

Table III also shows the effect of the different twists per inch in the 
manufacture of 22’s yarn made from the five grades of eastern and 
western upland cotton, respectively. There were used four twist 
constants, namely, 4.20, 4.54, 4.74, and 4.95, which represent, respec- 
tively, 19.7, 21.31, 22.23, and 23.22 turns of twist per inch. 

Contrary to the general belief, the twist constant 4.74, the nearest 
obtainable to 4.75, which is considered as the warp yarn standard for 
upland cotton, did not produce the strongest yarn, showing that the 
points at which twist added strength to the yarn had been exceeded. 
(See also Table V, Textile school tests.) The turns per inch inserted in 
the yarn were verified by actual count after the yarn had been spun. 

While the purpose of these tests was primarily to determine the 
relative percentages of waste in the different grades of cotton, the 
wide variation in the tensile strength served to show that the grade 
and staple of cotton does not always indicate accurately the strength 
of the yarn. Some other characteristics influencing the quality of 


1 Twist constant 4.75 is considered as standard for warp yarns, upland cotton. The twist per inch 
inserted in the yarn will be found by multiplying the square root of the number of yarns by the twist 
constant. 
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the manufactured product, especially the tensile strength, can not be 
recognized by the present inexact method of judging the quality of 
raw cotton. Irregularities in the manufactured product are mini- 
mized by adequate methods of mixing the cotton for manufacturing. 


SPINNING TESTS AT TEXTILE SCHOOL. 


It was deemed advisable to make tests under different conditions; 
therefore, tests were made both in commercial mills and in textile 
schools. 


TENSILE STRENGTH IN POUNDS PER SKEIN OF 120 YARDS. 


x * 
KIND OF STOCK U4M.F. G.M “ L z 
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Fig. 4.—The tensile strength of 22’s warp yarn, made with 4.74 twist constant from the different grades of 
Eastern Upland and Western Upland cotton. (Mill tests.) 


Fifty pounds from each of the 109 bales tested in-the mill were sent 
to the textile department of the North Carolina State College of Agni- 
culture and Engineering, West Raleigh, N. C. In conducting these 
tests the cotton originating from each of the different zones shown 
in figure 1 was tested separately. The mechanical conditions were 
made to duplicate as nearly as possible the conditions prevailing 
during the mill test. (See Table I.) In the textile-school tests the 
cotton passed through the following waste-cleaning machines: 
Opener and finisher, pickers, and cards. 


TESTS OF OFFICIAL COTTON STANDARDS FOR GRADE. 


*spivd Of} 07 poy AYZIOM JOU OT} WO poseg ¢ 


“sroyord a7} 07 Poy FYSTOM Jou OY} UO poseg e “UreDr 
tS FLL 91°8 0g *2 8g°2 9U0Z YOwd 1OF 
SSO. oSvIOAV 
LOST |TS'6 |98°L 99°F |99°S |Z9°CT |S9°L |19°9 |99°F |STP |9E°ST |A4E°OT |69°2 [STS |TS h JST IL \IS'2 |Fo'L |T6S |Ih'F [9S TT (99'S |66°2 |Sh'S |PS "Fh jO[dIstAutpue 
ee tes fees ese |e ss BUSS | ke pee Pe A [esi Se OIQIstA [BIOL 
OL j0O& (0G (EB rx |6E0 T1108 T 991: |9F 1x |lhit |S6r 166° JOT |68 |2Z0TrjTe T1e8° i@Sr |80° |Fk je oi96° |TEL (89° OF: |TS1 | “OQ IstAUT 
L6°CT \16°6 |99°2 (68'S [Shh |28°OT |T2°8 j€L'L (20S jOL'S |2E°2T 086 |02°2 |22°9 |S |€sOL \€E°8 |1S°2 |24°S |P8°9 JOS OL SEL [FEL [SOS |S8'h |7~-7 °° °° 7 *"-"OIQISTA 
ee Soe se a | fl ye ees ae e:Spiv0 PUB SOMO 
16 OP 4 [Sho lZe7 |ZL°% |Z9°2 |FO'9 |20S |Z8°E |G2°E 28 [602 [29'S [8h |S PF STL 6S |19°S [Sop OF |TS 2 |I8S |T9S [49% IPL Fh jldIstAurpue 
[SSS [eee Is ee See PSS A cee = SA ce Ba et Se ee SS take a/c pes eal ees Sa | See O[QISIA [e407 
Sr |19° Gr Or IG Tr 0G FOr [SEr St [Ler KO” [et St’ OS 1 jOGr oT [6L'r 000 |FO" [ST T1901 [Te 000 jis Sor |  -Olcistaul 
886 |6L°9 [89'S 68% |86°E [LEL [80°9 crs COP [CTF OLS |46°9 |2h'S |20'G |&LF \80'2 S19 |19°S |19F |T8°S j22°2 [09'S |T9°S l9E'h 68h | SIGISIA [BIOL 
HOP EL EE OSS HGe cto Nee a fe terse Wee ES ISS WS he ISIE Mele resis Me Rees (05> RSLS ES reg = SE “7 ~--ssutdeeag 
CLF (6F'S |A8'T |42°T |IT't joe'e joce |co°% [IPT |0Z°T \I8"S |08°% |ZL°T |eh'T |96° |S2°% |G0°% |2O°T |9Z°t 89° 1fO'e |e6°T jos‘r |ST‘T [SOL |°~-4u pue sojozy 
681 |9OT |c6° |ey- |0G* {16° 22° |P4° |89° PL: TOT |c6* J69° |TZ: |28° |26° l0O°r |46° 22° |TO'T \S6- |96° \ss° jog: |co°  |---°-----ssurd 
- dis ieyop 
: | pues sopuysp9 
SL e oS |TLS |26% (41S (98% 09% |FF ZS |FET (G6T |POE |20°E [98'S [42° |T8S IS E |\S6°S [PSS leh |L8°S |80'S |99°S |sL°% |OK'S [FES cee Cie 
—sIqiIst 
g:SpIep 
OOS |40¢ |SS% |\Co° (06 je5S9 |T9' LT |89°T |€8° cr «6800'S ~=jeS°§ 16070 \SE° Slr jf Fv |66'L |€&L 0 ics tr \93 1 |4eh |s0°s j€o°so |Ts- oh*  OTQISTAUT puw 
ae | ee [seer {eee |__| STQISTA [e707 
6° =|0&'1 |68" iS ie ANN I9T |09°t |Ot'1 |96t |8S "1 |96° 6" “an Z8°r |T6"1 j0L° ete fad) Or” 86° T20°T |TT°T |S9° |60° QO ue Taet a cas *O[QISTAUT 1 
907 |49¢ |91S |TOT |I8 |16€ j€&s OST [60 T [OO'T [CLP \8S°% \S8T \2eT |82° |19°€ |2E'S |OLT |22°T COL \SE°S |26°T [88 T I0L° \8h | SLQTSTA [e}O7, 
ize eae cola: Oeee OVamenee Gc Gime Vee bens (ULM OSmamn OVI on Sums Gnas Sian en OZ (GS) crn | OPen en | Guiles Ole Tort Geimcnnn Gunes ens |O Palen |Get | SS eel Gee | COM “""-""" SB pue 
: $070ur ‘1OYSTUT 
c8o \WP L | T jeG° |8h 066 i2LT |f6° (09 (29° |68'% jOP'L |90°E jOL° |88° |60°% |Se°t |46° |04° |4S° |S6°LT jJOT°E |00°T j8E° [92° “77 *" 4 pue 
sojourn ‘10x vorg. 
—9IQISTA 
1SIOMOT, 
‘ajspm fo 
LE EES\SS 6CE\L0 TES|0S “SLE\E6 FFII88 6ES\9% ‘061 69 “ORTIZO “FhL90 “96/ST T¥G|69 “TPG|TE E61\F6 “CPLI9S “96/TE T6L| FF 9PTILE S61\00 “L6T/ST 86/90 “FEZ 29 “GBTIE9 “FFI\SS LET/90 Sh Tee 
a I 
ODN) WIND WO DTN) WWD W ODI NT! OW NDA OCD TNT) OW TWD OD wT | CW OW Da ---""sepeiy 
Deere “SUTeT_ [VISVOH JINH W19jSOM | “SUTeT [eISeOD J[NyH ussyseq *SUIV[ [BISVOD OTVULTTV “neoze[q JUOUpIT Sass > Gl SO LOZ, 


pue spueyT olterg 110380, 


"(87897 J00YS-a)197A7) SawOZ QUAIaf{Yp ay? WOLf U07}00 fo SapDib yualaffip ay) fo sabvyuaosad aysn44— AT ATAV, 


10 BULLETIN 591, U. S. DEPARTMENT OF AGRICULTURE. 


WASTE PERCENTAGES. 


Table IV gives the results of the waste determinations as found in 
the textile-school tests. These figures were computed in the same 
manner as those in Table II. Net weights were used in making cal- 
culations, the tare not being included. Since approximately 50 
pounds from each bale were used in the textile-school tests, the num- 
ber of different bales of each grade represented is shown by the total 
weight given for each grade. The waste percentages of the five 
grades from the different zones are placed side by side in order to 
facilitate comparison. 
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Fic.5.—The visible waste percentages of five grades of cotton from the different zones. (Textile school 
tests.) 


A close analysis of these percentages shows that the waste has a 
consistent relationship to the grade of the cotton. The percentages 
of invisible waste, however, are neither as uniform nor as consistent 
as are the percentages of visible waste. (See discussion of Moisture, 
page —.) 

Figure 5 represents graphically the percentages of visible waste in 
the cotton originating from each of the five zones and of the five 
grades tested from each zone. Figure 6 likewise represents the per- 
centages of visible and invisible waste combined. There is rela- 
tively little variation between the percentages of waste in cotton of 
the same grade:-from the different zones. 

The average percentages of total waste from the five grades from the 
Piedmont Plateau, Atlantic Coastal Plains, eastern Gulf Coastal Plains, 
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western Gulf Coastal Plains, and the western Prairie Lands and Pla- 
teau are as follows: 7.58, 7.30, 8.16, 7.14, and 7.85, respectively. 
- These figures are not given, however, as a criterion nor with the infer- 
ence that such close relationship would always prevail. As a matter 
of fact, material differences in the percentage of waste for thesame 
erade often are found in neighboring sections of the country. Anum- 
ber of the large manufacturers early in the cotton season each year 
test carefully various lots from several different sections of the cotton 
belt to determine which cotton is best suited for their use. 
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Fig.6.—The combined visible and invisible waste percentages of five grades of cotton from the different 
zones. (Textile school tests.) 


TENSILE-STRENGTH COMPARISONS. 


(Textile-school tests.) 


The tensile-strength tests of the yarn spun from the cotton origi- 
nating in the various zones were made as described on page 6. Table 
_V gives the results of these tests for the different zones and the same 
grades from each zone. No. 22’s yarn was used in each case. Three 
different twist constants were used in order to determine the relative 
tensile strength of yarns made from upland cottons with different 
twists per inch. 
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TABLE V.—Tensile-strength comparisons of 22’s yarn in pounds per skein of 120 yards 
each (textile-school tests). 


i Aver- 
Zone. M.F. |} G.M. M. L.M. | G. O. age. 

2 } 71.9 73.4 70.0 64.0 70.0 
IPicdmontrelateateecas-a sees Se eee eee a < h 73.2 75.6 74.7 69. 2 73.3 
7 70.0 71.3 68.3 64.7 68.8 
INAV) ys SS ae ee ee Pe nes 3 es Se fs TUS? 73.4 71.0 66. 0 70.7 
: 3 5 owk 70.5 68. 4 68. 2 71.3 
AtionticiCostal PlaMSanc- eos -eetcee nese eee : : 77.3 73.4 69.6 69. 2 73.4 
: 74.7 70.4 67.2 67.5 70.7 
PANVOTARO ites cae oe eee nae Ce eee is 75.7 71.4 68. 4 68.3 71.8 
70.3 68.1 8.5 63.5 68. 6 
Eastern Gulf Coastal Plains................-- 76.8 71.7 78h 7 65.1 73.0 
73.0 68. 6 69. 6 63. 4 69.5 
ERVETAPO oc cok Sac Me CON) Perak ears : 73.4 69. 5 70.6 64.0 70.4 
Average of easterm stock -..--.....-..-..-----. 6] 73.6 71. 4 70. 0 66.1 71.0 
F : 74.7 77.6 66.8 69.9 75. 5 
Western Gulf Coastal Plains.................. : if 75.3 78. 2 67.6 72.5 75.8 
72.6 75.8 67.5 68. 2 73.1 
AV CTA RC nice sree He ate coe nee aoee eee é 74.2 77.2 67.3 70. 2 74.8 


Western Prarie Lands and Plateau 


PAS CLA? C aera eee sean iQaene IpGHS ee ase : 84.8 81.9 74.6 76.0 79.5 


Average of western stock ---........----|...----- : 79.5| 79.6| 71.0] 73.1 77.2 


The variations in the tensile strength of yarn made from cotton 
originating in the Piedmont Plateau, Atlantic Coastal Plas, and 
eastern Gulf Coastal Plains conform closely to the grade of the cot- 
ton, but the tensile strength of yarn made from cotton originating in 
the western Gulf Coastal Plains or western Prairie Lands and Plateau 
does not bear the same relationship to the grade. The same rela- 
tionship in the tensile strength of Low Middling and Good Ordinary 
is shown as in the tensile strength of yarn made from the same grades 
of western upland cotton in the mill tests. (See Table IIT and dis- 
cussion on p.6.) Cotton from crops of several seasons must be tested 
before a safe basis for comparison can be established. - 

It will be observed also that in the textile-school tests the twist 
constant 4.76, which was the nearest obtainable to 4.75, known as 
the twist standard for upland cotton of approximately 1-inch staple, 
did not produce yarn with a maximum tensile strength. The average 
tensile strength of the five grades in the different zones shows that 
the constant 4.53 produced stronger yarn than either 4.76 or 4.29. 
Constants 4.29, 4.53, and 4.76 represent, respectively, 20.12, 21.25, 
and 22.32 turns per inch for twist for 22’s yarn. Practically the 
same results were found in the mill tests. (See Table III.) The 
twists per inch in the yarn were verified by untwisting the yarn and 
counting the turns per inch. 
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Figure 7 represents graphically the comparative tensile strength of 
22’s yarn, manufactured with 4.76 constant, made from the five dif- 
ferent grades of cotton originating in the various zones (See fig. 1). 
The tensile strength is in pounds per skein of 120 yards with the 
downward stroke of the traverse moving at the rate of 12 inches per 
minute. The figures in the table in the lower part of the graph were 
taken from Table V and placed here for convenient reference. 
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Fig. 7.—The tensile strength of 22’s yarn made with 4.76 twist constant from five grades of cotton from each 
of the several zones. (Textile school tests.) 


WEATHER, RELATIVE HUMIDITY, AND MOISTURE CONTENT DURING 
SPINNING TESTS. 


(Mill and textile-school tests.) 
The condition of the weather, relative humidity, and moisture con- 


tent were taken into consideration durmg the entire time that the 
mill tests and the textile-school tests were in progress. The differ- 
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ences between the percentages of total waste as found in the mill 
tests and the total waste found in the textile-school tests (see Tables 
II and IV) are so great that, unless these conditions are considered, 
the results are confusing. 


WEATHER CONDITIONS. 


Table VI gives the monthly averages of the maximum and of the 
minimum temperatures and the precipitation in Fall River, Mass., 
during the months of February, March, and April, and in Raleigh, 
N. C., during the months of May, June, and July, 1916, while the 
mill tests and the textile-school tests, respectively, were in progress. 
These averages were derived from reports of the Weather Bureau, 
which show the maximum and minimum temperatures and the 
precipitation for each day. 


TaBLE VI.—Average daily maximum and minimum outside temperatures and the total 
precipitation during the tests. 


Mill tests. Textile-school tests. 
Average | Average Average | Average 
Month. maxi | mini- | Total Month. maxi- | mini- Total 
mum: | mum precipi- mum mum precipi- 
temper- | temper- | tation. temper- | temper- | tation. 
3 ature. ature. ature ature. 
| 
Degrees. | Degrees. | Inches. Degrees. | Degrees. | Inches. 
February .....------ 31.0 20.4 5.144] Mayer ce=aeee ease 81.7 61.7 2.95 
Marche eet ise: 36. 2 23.8 Shdiidl| diGiS = ssccospoocasos 83. 2 64.0 el 
APT sree ae esa: < 50. 3 37.7 4.78 || July. 84.4 69.7 8. 09 
Average......- 39. 2 27.3 4. 56 Average.-.... 83.1 65.1 6. 07 


RELATIVE HUMIDITY. 


During the time the cotton was being manufactured humidifiers 
were regulated so as to maintain as nearly as possible a constant 
humidity, but in the picker rooms at the mill there were no humidi- 
fiers. In each room self-recording hygrometers were used, which 
made complete records night and day of moisture and temperature 
during the test while the various grades of cotton were in the course 
of manufacture. Table VII shows these results. 
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TasBLe VII.—Relative humidity and inside temperature during the tests. 


MILL TESTS. 
M. F. G. M. L. M. Gaz 
ie Aver- Aver- iN Aver- in Aver- 
i ver- age age |Aver-| age | Aver-| age 
Kind of cotton. Room. age | rela- Tela- rela- age |rela-| age | rela- 
tem- tive tive | tem-| tive | tem-| tive 
pera-| hu- | pera-| hu- hu- | pera-| hu- | pera-| hu- 
ture. | mid- | utre.| mid- - | mid- | ture .| mid- | ture. | mid- 
ity. ity. ity. ity. 
Picker: 
en = & 5 | 46.9 8 9 ae: 2 i 9 bie 5 & z oe 9 
reaker...} 78.3 | 38.6 48.3 -4} 74.5 BB) 47.6 
Eastern upland......... Finisher ..| 77.4 | 42.5 51.1 35.9 | 73.8 | 43.0 | 72.8| 47.2 
Card= 5.2% sts8 70.6 | 48.9 52 1 50.4 | 72.6 | 50.9 | 71.2) 51.3 
Spinning.-.... 81.8 | 54.1 54.1 54.1 | 81.8 | 54.1] 81.8] 54.1 
Picker: 
Guenet .--| 69.5 | 47.9 46. 3 38. 3 Ge 0 | 46.0 | 71. 3 48.5 
reaker 69.0 | 41.2 41. 44, 67.5 | 45.5 | 64. 45.3 
Western upland........ Finisher ..| 69.6 | 43.9 46.9 45.8 | 67.6 | 44.8|63.1| 49.9 
Card. 33 yee 71.6 | 52.6 48.7 50.0 | 69.6 | 48.3 | 68.9 | 46.9 
Spinning...... 81.8 | 54.1 54.1 54.1 | 81.8 | 54.1 | 81.8] 54.1 
TEXTILE-SCHOOL TESTS. 
Ee 82.0 | 68.4 | 82.2 | 63.7 | 80.4 | 62.7 | 81.0 | 55.5 | 80.3 | 56.2 
A pener... } : x i } : : 5. : 6. 
Piedmont Plateau... ... Finisher ..| 83.0 | 69.0 | 83.8 | 63.0 | 81.5 | 58.0 | 82.8 | 58.9| 8110} 64.5 
ead TiS at ee 28 84.6 | 65.4 | 78.1 | 60.0 | 78.7 | 53.8 | 78.8 | 56.0 | 79.6 59.3 
icker: 
A . Opener....| 76.8 | 63.6 | 78.0 | 58.2 | 82.0 | 60.4 | 80.4 | 60.6 | 82.0] 61.0 
Atlantic Coastal Plains. | Finisher ..| 78.0 | 61.3 | 78.0 | 64.5 | 84.0 | 57.9 | 80.8 | 59.8| 82.0] 61.6 
Cardin 23. 78.9 | 57.8 | 79.2 | 58.8 | 80.3 | 53.5 | 79.6 | 60.1 | 81.4] 58.5 
Picker: 
Eastern Gulf Coastal Opener...-| 80.0 | 66.4 | 80.6 | 65.9 | 85.0 | 57.6 | 89.3 | 57.9 | 83.3] 55.8 
ATTA erate ye eh inisher 80.0 | 63.5 | 81.8 | 66.6 | 85.3 | 60.9 | 90.0 | 58.0} 83.0} 60.3 
Cardih: cases & 81.6 | 59.4 | 83.8 | 59.4 | 82.8 | 59.4 | 84.3 | 57.8 | 81.3 | 61.3 
Picker: 
Western Gulf Coastal Opener....| 89.3 | 58.1 | 92.0 | 52.7 | 92.0 | 58.5 | 83.6 | 64.1 | 84.1] 53.9 
ID eeL. 5 i en Finisher 90.0 | 57.8 | 91.8 | 54.9 | 92.0 | 60.2 | 83.6 | 63.7 | 85.9 | 53.2 
cad Le Be ae 86.1 | 60.4 | 86.8 | 60.0 | 84.3 | 63.3 | 83.5 | 60.8] 81.3] 57.3 
icker: 
Western Prairie Lands Opener....| 87.5 | 56.9 | 82.4 | 63.5 | 88.4 | 60.8 | 81.9 | 68.8 | 88.1] 54.9 
and Plateau... ......) Finisher ..| 88.0 | 55.7 | 84.4 | 63.3 | 90.0 | 60.3 | 85.1 | 65.7 | 88.0 | 54.5 
Cards airs 2 82.7 | 62.7 | 85.4 | 66.4 | 82.2 | 69.0 | 86.5 | 61.0 | 83.8 | 72.8 


1 Card and spinning machinery in one large room. 


MOISTURE DETERMINATIONS. 


At both the mill and the textile school, samples of the cotton were 
selected for moisture tests from each place in the processes of manu- 
facture where the stock was weighed. These samples were placed in 
air-tight cans, weighed carefully on equal arm balances sensitive to 
0.05 grams, shipped to Washington, reweighed in the same manner, 
and then tested in the cotton-testing laboratory for moisture content. 
Table VIII gives the results of these tests. 
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TaBLe VIII.—Percentages of moisture in cotton of the different grades at various points 
in the cotton-manufacturing processes. 


MILL TESTS. 


Stage. 


Kind of cotton. = * pee 
are- pener inisher 
house.! picker. picker. Cards. 


| | | 


Eastern upland: 
Mid dling fair s2 ose ess Pes es eee eee 
Goodamid dling se.) sae o oi) ate oa i) ee ee 
Mire dling. hice ee Rae db abr as ae 
Low middling 
Good ordinary 

Western upland: 
Vine cl cra Penn eee cp ST Sy, 
Good middling ae 
IME Ing 8 seems ote eee eee oe 
OW GLin ewe ee yee we ee La enh em 2 
Goodiordinary .f2csoceeea ead se es eee e one eee F 


ww co 
AODWw 


PSUS 


PWD 91010900 
WOO 0 mee hoo 
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Go.90000000  s©00 <0 0060 
Oow or — ~I 
SIee5 HBSS 
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COW OD aes 
“I ~10) 00 oOo 

PUNO ETST GENET on 
ee bo 

BeEebS 


TEXTILE-SCHOOL TESTS. 


Piedmont Plateau: 
Mid dling fait! Sc ee See eae ens ae ee ae oe ape 
Goodtmid dlings essa sre ses. | ec aes 
IG GD een aem rae ceoosanrmarioneneusmenn toetiosae 
Wowsmid dling Rises Ses eS eyo aaa 
Goodiordina nyse een Benin ees cee ees eee 
Atlantic Coastal Plains: 
(Middlin gaain? Set see Bes ety ME et _ eee 
(Goodsmid dln pe eee eae eee. ee 


Cr ce 


Re bo or 
SkLSS NSSSS 


VE Gl Ura Shareefa ete eee ae ia EE 
(Exar hinge Vol Wuavegs sex st FN UE ART ec elas Nk ia cee ae gE 
IMT GT OS Re Brace eeeay ae tere a UR A aT Me 
VO WeTd Gi oes a Se ae ae ae ED ae 
Good ordinary.) seh yee ae es Sc ae oss La 
Western Gulf Coastal Plains: 
Middling Fair 
Good Middling. . 
Middling....._.. be 
Low Middling............- ia 
Good Ordinary........-.-- : 
Western Prairie Lands and Platea 
AMVC Ye Bbw ave Of hh Deer mea ie Sines ASN Oe ere Ie aI 
GoddsMid dling eee eer Sk Cee I ue ae 
TG CG UTS ng eS Be ie aR ae a 
OWE MAG GILT Oe eee ee ee ee 
GoodtOrdinary eos ee ee ee see aaa iy eee 
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NPOND BIHIAAA PQNPHH AMMAMN BRAG 


HReoo 
Dd Oro 


1 As there was no warehouse at the textile school, the cotton was stored in the textile building. 


In each case the cotton was stored for several months prior to the 
time the tests were begun—at Fall River in a cotton warehouse, 
which was not heated; at West Raleigh in the textile-school building, 
which was heated until warm weather. The weather at Fall River 
was cold and damp, with considerable snow on the ground at the 
time the warehouse weights were obtained. The textile-school tests 
were in progress at West Raleigh during the summer, the témpera- 
ture was high, and, as the cotton proceeded through the manufactur- 
ing processes, practically no loss of moisture was evident. 

Table LX shows in brief the average temperature, relative humidity, 
and the percentage of moisture in the cotton while in the warehouse, 
‘picker room, and card room, both at the mill and at the textile school. 
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TABLE 1X.—The average temperature, relative humidity, and percentage of moisture in 
the cotton during the mill and textile-school tests. 


Mill test. Textile-school test. 
Determination. - : ur 
are- . are- er 
mousee Pickers. | Cards. nance Pickers. | Cards. 
Average degree of temperature.....-.-..-- ~ 36.8 70.6 70.8 80 84.6 82.2 
Average relative humidity.........-.----- 72.8 45.1 50. 0 53 60.7 60.3 
Average percentage of eee Beppe es aek 9.17 6. 44 5.40 6.47 6.33 6. 28 


The average moisture in the cotton when the tests were begun at 
Fall River was 9.17 per cent, as determined by samples taken at the 
time the cotton was weighed in the warehouse. The average moisture 
in this same cotton taken during the time it was passing through the 
cards was 5.40 per cent, a loss of moisture alone of 3.77 per cent of the 
weight of the cotton. The average moisture in the cotton when the 
tests were begun at West Raleigh, N. C., was 6.44 per cent, as deter- 
mined by samples taken at the time it was weighed in the warehouse. 
The average moisture in this same cotton while it was passing through 
the cards was 6.28 per cent, a loss of moisture of only 0.16 per cent 
of the weight of the cotton. 

Referring to Tables II and IV, it will be observed that the invisible 
waste at the mill ranged from a 3 per cent to a 5 per cent loss, while at 
the textile school there was sometimes a slight gain and sometimes a 
sight invisible loss. If the waste percentages were corrected for 
moisture content, the results would be practically the same in each 
case. These findings also emphasize the need of an exact knowledge of 
the moisture content of cotton in the various stages of handling and 
marketing, and of maintaining proper atmospheric conditions while 
it is in the course of manufacture. 


MANUFACTURING PROPERTIES. 


In determining the comparative manufacturing properties of the 
different grades of cotton it was found that better comparisons could 
be made by manufacturing the cotton representing all of the different 
grades into the same number of yarn. This method, while not con- 
forming altogether to the general practices of the trade, simplified the 
- comparisons and eliminated a number of factors which otherwise 
would have involved changes in the speeds, settings, and twist per 
inch in the yarn. Even with the method adopted, it was difficult to 
obtain specific data regarding all the factors involved in the spinning 
qualities of the different grades. As the grades decreased in quality 
from Middling Fair to Good Ordinary, the amount of dirt, dust, leaf, 
and short fibers afloat in the air increased progressively. For instance, 
when stripping the cards in the mill while the Good Ordinary cotton 
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was being run through them it was necessary to open the windows 
because of the density of the dust. The use of low grade cotton is 
more disagreeable to the operatives; consequently it adds difficulty 
to the labor and mechanical problems. 

A record was taken of the spinning qualities of the different 
grades by keeping an accurate count of the number of threads which 
broke. All such breakages, unless due to some mechanical defect, 
were charged against each grade. The following percentages of 
breakages on the spinning frame were found: Middling Fair, 12.1 per 
cent, Good Middling 13.8 per cent, Middling 14.4 per cent, Low 
Middling 27.5 per cent, and Good Ordinary 32.2 per cent. 

These tests show that 100 pounds of raw cotton, net weight, of 
each of the different grades will produce the following pounds of yarn, 
not including the small loss which occurs in those processes subse- 
quent to the cards: Middling Fair 91.57, Good Middling 90.95, Mid- 
dling 88.93, Low Middling 87.2, and Good Ordinary 83.73 pounds. 
In considering the grade relations it should be remembered that there . 
is a difference in the value of the yarns made from the various grades. 

It was found by submitting a full line of samples to a number of 
the leading waste dealers and securing estimates of value for each 
sample that the value of the waste from a bale of cotton representing 
one gradevis practically the same as the value of the waste from a 
bale of cotton representing any other grade, in that the price and 
quantity vary inversely. Any increase or decrease in the waste per- 
centage causes a corresponding increase or decrease in the cost per 
pound of the manufactured product. A wasty cotton also produces 
an inferior product. 


BLEACHING TESTS OF YARN. 


Portions of the yarns that were made from Middling Fair, Good 
Middling, Middling, Low Middling, and Good Ordinary of both east- 
ern upland and western upland cotton in the mill tests, as well as 
cloth made from various combinations of these yarns, were tested for 
the bleaching properties. The tests were conducted on a commercial 
scale in a bleachery, and the results were checked subsequently in 
the New Bedford Textile School. The methods followed were those 
that are in common use. 

TESTS AT BLEACHERY. 


Scourvng.—The skeins of yarns were placed in a cloth bag near the 
center of a circulating ker, loaded with other goods, and were treated 
for 12 hours at 13 pounds pressure with a 2-degree Twaddell solution 
of sodium hydroxide containing 10.75 grams NaOH per liter. The 
samples were then washed with water five times while in the kier, 
which eliminated practically all alkali from the material. The goods 
were kept wet for some time before a bleaching vat was available, 
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after which they were hydro-extracted and treated in a circulat- 
ing vat. 

Bleaching.—The goods were placed in the center of a 300-pound 
load of commercial yarns, the ratio of liquor to the goods being in 
weight 10 to 1, and treated for 14 hours with a 2.5-degree Twaddell 
solution of bleaching powder containing 1.26? grams of chlorine per 
liter. The goods were-treated with a 1-degree Twaddell solution of 
sulphuric acid containing 6.80 * grams per liter and then washed for 
30 minutes. Finally, the goods were soaped 30 minutes in a solution 
containing 2 per cent* of 88 per cent soap chips. The skeins were 
blued by treating them 20 minutes in a water solution containing 
0.055 per cent of methylene blue. After the skeims were hydro- 
extracted they were dried for 34 hours on a truck drier heated to a 
temperature of 120° F. | 

Qualities of bleach.—The grades in the order of whiteness obtained 
by bleaching are as follows, beginning with the best: 


Good Middling, western. Middling, eastern. 

Good Middling, eastern. Low Middling, western. 
Middling Fair, western. Low Middling, eastern. 
Middling Fair, eastern. Good Ordinary, western. 
Middling, western. Good Ordinary, eastern. 


Cotton yarn made from Low Middling western upland and Low 
Middling eastern upland cotton produced goods haying a somewh&t 
slaty hue. Yarns made from the Good Ordinary, both eastern 
upland and western upland cotton, did not bleach satisfactorily in 
that a decided bluish cast was apparent. 


TEXTILE-SCHOOL TESTS. 


Subsequent tests were made in the New Bedford Textile School 
in order to check the determinations made in the commercial bleach- 
ery. They included tests of the whiteness, tensile strength, weight 
losses, and moisture content at each operation. 

Scouring.—The scouring * was done with 10 per cent soda ash 
and 5 per cent soap. The goods were boiled five hours, rinsed well 
with hot water at 75° C. and then in cold water at 23° C., after 
which they were acidulated with 1 per cent solution of sulphuric 
acid, rinsed freely in water until free from acid, and dried. 

Bleaching.—Samples of the wet yarn were taken after the last 
rinsing and bleached at 23.3° C. in a solution of bleaching powder 
containing 2 grams per liter of chlorine. The goods were left in this 


1 This vat was constructed in such a way that the skeins were supported by rods in a comparatively 
loose condition, and the liquor was circulated through them by mechanical means. 

2 The liquor was kept overnight in a well-corked bottle and the analysis was made on the following 
morning. 

3 The percentages given in the bleaching tests are calculated on the weight of goods treated unless other 
wise stated. 

4 The volume of liquor used in the textile-school tests was fifteen times the weight of the goods treated. 
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solution for 43 minutes, after which they were rinsed freely in cold 
water, soured in a 1 per cent solution of acetic acid, and rinsed 
again. As there was still a slight trace of chlorine, the goods were 
treated in a 2.5° Twaddell solution of hyposulphite of soda at 22° C. 
for 30 minutes. They were then rinsed freely in cold water and 
dried. 

This method does not take into consideration the actual time that 
would be required to bleach the different yarns made from the differ- 
ent grades of cotton. The yarns were all treated under identical 
conditions, and at the same time. ‘The lower grades could have been 
bleached more satisfactorily if the factors of time, strength of bleach 
liquor, and temperature had been altered. The treatment of all the 
material in the same way, however, gave a satisfactory basis for 
comparison. 

These tests substantiated the following conclusions veached in the 
tests made in the commercial bleachery: The yarns made from 
Middling Fair and Good Middling were practically identical in color 
after bleaching; the yarns made from Middling were not quite as 
glossy or “‘bloomy” in their appearance, but for commercial pur- 
poses produced satisfactory results; the yarns made from Low 
Middling gave a slightly slaty color when compared closely with the 
higher grades; and the yarns made from Good Ordinary did not 
bach satisfactorily, i. e., under the same conditions, in that they 
had a decided slaty bluish cast when compared closely with the yarns 
from the Middling cotton or that of better grades. 

While these tests were in progress, moisture determinations were 
made from time to time. Bleaching, calculated on a dry basis, 
caused an average loss in weight for the eastern cotton of 4.69 per 
cent in the textile school test and 5.14 per cent in the commer- 
cial test. 

The average loss in weight due to bleaching of the western cotton 
was 4.78 per cent in the textile-school test and 5.24 per cent in the 
mill test. This difference probably was caused by the 12-hours 
caustic-soda boil under pressure in the mill tests. Several different 
concentrations of bleaching liquor were used in the textile-school 
test; namely, 1, 2, 3, and 4 grams per liter of chlorine. There was 
practically no difference in weight losses due to bleaching. 

The loss in tensile strength due to the bleaching processes was 
12.25 per cent in the eastern cotton, and 16.40 per cent in the western 
cotton. These results were influenced somewhat by a shght differ- 
ence in the moisture content, but this difference was such that it 
would serve further to increase the loss_in the western cotton. The 
results seem to indicate that in the bleaching processes chemicals 
act more readily on upland cotton grown west of the Mississippi 
River than on corresponding grades of eastern upland cotton, because 
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under the same conditions the strength of the yarn made from the 
western upland cotton was affected more readily and a better bleach 
was obtained. 


BLEACHING TESTS OF PIECE GOODS. 


MILL TESTS. 


Warp and filling yarns made from each of the five grades of upland 
cotton produced east and west of the Mississippi River, were woven 
into cloths composed of different combinations of warp and filling. 
These were marked carefully for identification, and bleached in a 
commercial bleachery. Exact duplicates were retained ‘“‘in the 
gray’ for comparative purposes. The goods were given a plain 
“sheeting finish,”’ that is, they were scoured twice in a closed kier, 
bleached, starched, dried, and calendered. 

Scouring.—In the first boiling process the cloth was placed in a 
horizontal wagon kier, near the center of a 6,500-pound lot of similar 
cloth. The steam turned on, and a good circulation of the liquor 
was established by a steam injector for 45 minutes. A 2-degree 
- Twaddell solution of sodium hydroxide containing 8.9 grams per 
liter was used. The circulation was continued at 6 to 7 pounds 
pressure for 10 hours. The goods were cooled in the kier before the 
latter was opened by flushing with water. 

Washing and scouring.—The goods were washed?‘ through cold 
water, acidulated ? in a scouring machine, with a 1-degree Twaddell 
solution of sulphuric acid, containing 11.42 grams per liter, piled on 
a wooden rack 30 minutes, to allow the acid to act, again washed, 
and run into a vertical kier. 

Second boiling process.—The goods were placed about one-third of 
the way down from the top of a vertical ker, containing 10,000 
pounds of cloth which was being treated for commercial purposes. 
The liquor used in this kier was a 1-degree Twaddell solution of caustic 
soda containing 5 grams per liter. Good circulation and proper tem- 
perature were established within 14 hours, and then the material 
was boiled for 9. hours at 6 to 7 pounds pressure, after which the 
kier was flushed twice with cold water and the goods run into a log 
washing machine. 

Washing and bleaching.—The goods were washed twice with a 
plentiful supply of clean water, and the cloth was piled for examina- 
tion. The material was then run through a {-degree Twaddell 


1 All the washing in the piece goods tests was done in a standard type “log’’ washer having atop press 
roll of wood about 18 inches in diameter and pit allowing a depth of 2 feet of water. The speed of these 
machines was from 80 to 90 yards per minute. 

2 The acidulating was done in a regular scouring machine consisting of a pit containing acid and a heavy 
set of squeeze rolls, with compound lever set at approximately 500 pounds pressure. This machine was 
provided with an automatic folding device by means of which about 800 yards were kept continuously 
immersed in the acid. 
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bleaching-powder solution + containing 2.3 grains of available chlorine 
per liter. It was allowed to stand in a pile until a good white was 
obtained, the time required being 1 hour and 5 minutes. The goods 
were then washed twice with clean water, and squeezed in a 4-roll 
water mangle at a speed of 124 yards per minute, with the lever set 
for a light pressure of approximately 500 pounds. 

Starching.—The goods were passed at a speed of 120 yards per 
minute through a starch mangle, which contained the following 
mixture: 45 pounds of cornstarch; 10 ounces of bluing,” 20 ounces 
of tint.* 

These ingredients were mixed with 100 gallons of water heated to 
a temperature of 180° F’., and cooked to a paste, a subsequent analysis 
of which showed 3.015 per cent of solids. 

Drying and calendering.—The goods were dried on a set of copper 
cylinders, after which they were allowed to cool, moistened on a 
rotary brush type sprinkler and calendered cold at a speed at 104 
yards per minute on a three-roll calender. A rigid bow expander 
was used to obtain the width. Finally, the goods were measured off 
on a yarding machine, inspected, and packed. 

By selecting the 10 gray pieces of cloth woven in both the warp 
and filling from each of the five different grades of eastern upland 
cotton and the five different grades of western upland cotton, it 
was comparatively easy to arrange these samples in the order of the 
grades of cotton from which they were produced. The samples of 
the bleached cloth, however, produced from the Good Middling and 
Middling Fair cotton were indistinguishable as to the degree of white- 
ness; the bleached cloth representing the Middling cotton could be 
distinguished from the Good Middling and Middling Fair by very close 
comparison; the cloth made from Low Middling bleached compara- 
tively well, but with a less degree of lustre and brightness; while the 
cloth produced from the grade of Good Ordinary cotton could be 
distinguished readily by the bluish cast. 

Each of these 10 samples of bleached cloth was presented to a 
number of cloth brokers, and it was the general opinion that the 
cloth representing the grades of Middling Fair, Good Middling, and 
Middling were of the same money value, but that preference would 
be given in the markets to cloth produced from the higher grades. 
The bleached cloth made from Low Middling and Good Ordinary 
would not be accepted as of equal value with that produced from the 
higher grades. 


1 The bleaching machine was similar to the scouring machine, but ran at a speed of from 100 to 110 yards 
per minute. From 100 to 500 yards of cloth were kept in the bleaching solution. 

2 A solution of blue basic dye. 

3A solution of a reddish-blue basic dye. 
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COMPARISON OF THE RESULTS OF SPINNING TESTS OF THE OLD PER- 
MISSIVE COTTON GRADES WITH THE PRESENT OFFICIAL COTTON 
STANDARDS. 


The spinning tests of the old permissive grades! were conducted in 
a representative mill at Danville, Va., in the fall of 1913 on cotton from 
the 1912 crop. Thespinning tests on the present Official Cotton Stand- 
ards were conducted at Fall River, Mass.,in the spring of 1916 on cotton 
from the 1914 crop. In each case approximately 110 bales were used, 
representing Middling Fair, Good Middling, Middling, Low Middling, 
and Good Ordinary. The old permissive grades were established by 
the Secretary of Agriculture in February, 1909, and copies were dis- 
tributed and used until they were superseded by the present Official 
Cotton Standards of the United States, established and promulgated 
December 14, 1914, and reestablished and repromulgated August 11, 
1916. 

Table X gives the visible, invisible, and total waste percentages 
and the tensile strength of the yarn of the different grades for each 
test. 'The waste percentages in each case represent the average of 
the results obtained from both the eastern and western cottons. 


TaBLE X.—The average visible, invisible, and total waste percentages and the tensile 
strength of 22’s warp yarn of the old permissive cotton grades compared with the present 
Official Cotton Standards (mill tests). 


Old permissive cotton grades, 1912 Present Official Cotton Standards, 
crop. 1914 crop, 


Determination. 


M.F.|}G.M.| M. |L.M.|}G.0.|M.F.|]G.M.| M. | L.M.| G.O. 


Total visible waste through 


ARGS ete es eric sale oc ceisa cs 5.12] 5.97} 6.88} 9.53] 11.32] 4.61] 5.32] 6.85] 8.12] 10.67 
Total invisible waste through 

CALOS ere ee eee igo secs 2.67 | 2:75 | 3.66) 4.20) 4.42) 3.82) 3.73] 4.22.) 4°68 5. 60 
Motaluwaste. <=252- 0-2: tsee=2=2 7.79 | 8.72 | 10.54 | 13.74 | 15.74] 8.43 | 9.05 | 11.07 | 12.80 16. 27 


Breaking strength, 22’s. warp 


yarn,in pounds per 120 yards.| 74.5 Bs 71.4 | 67.7 | 65.4 | 60.6 | 78.3 | 77.4 | 74.8 | 70.4 70.8 


1 Based on net weights fed to opener picker. 


‘It will be observed that somewhat less visible waste was discarded 
from the different grades in the tests on the present Official Cotton 
Standards than on the old permissive grades; the invisible waste was 
greater and more nearly uniform for the various grades of the present 
Official Cotton Standards, while the total waste percentages, as 
shown by figure 8, were very similar. 

The moisture content of the cotton representing the Official 
Cotton Standards when weighed at the warehouse just prior to the 


1 These spinning tests were planned by Dr. N. A. Cobb, agricultural technologist, of the Bureau of 
Plant Industry, and were conducted by Messrs. D. E. Earle and W. 8S. Dean. 
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beginning of the tests and when weighed at the cards was 9.17 and 
5.40 per cent, respectively, while the moisture content of the old 
permissive cotton grades at the same places was 7.95 and 6.06 per 
cent, respectively. These differences explain in part the differences 
described as invisible waste percentages. 

The spinning tests of the Official Cotton Standards showed that 
the western cotton was approximately 1 per cent more wasty than 
the eastern cotton, while with the old permissive grades the reverse 
was shown. In both tests the yarn (22’s) made from the western 
cotton was approximately 3 pounds per skeim stronger than that 
made from the eastern cotton. 
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(1) Old Permissive Cotton Grades 
(2) Present Official Cotton Stenderds 


Fig. 8.—Total waste percentages of the old permissive cotton grades compared with those in the present 
Official Cotton Standards. (Mill tests.) 


In this comparison a very close relation is shown to exist, especially 
with reference to the percentage of waste in each corresponding grade. 
While the tests were made on different crops under somewhat different 
conditions, a comparison of the results obtained in the two tests 
indicates that the changes which were made in the new grades made 
practically no difference in the waste percentages, but involved 
principally a change in the degree or depth of color, particularly in 


the lower grades. 
SUMMARY. 


This bulletin gives the results of manufacturing tests made of 
cotton representing Middling Fair, Good Middling, Middling, Low 
Middling, and Good Ordinary of the Official Cotton Standards ~ 
of the United States. The spinning and weaving tests were con- 
ducted in a cotton mill in the North, and check tests were made in a 
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textile school, in the South, with a portion of the same bales of 
cotton. At each place, the different grades were tested under as 
nearly identical conditions as was eee 


Fic. 9.—The visible waste percentages as found in mill and textile school tests. ~* 


The results of the spinning tests are summarized graphically in 
figures 9, 10, and 11. Figure 9 represents the average visible waste 


Fig. 10.—The combined visible and invisible waste percentages, as found in the mill and textile school 
tests. 


discarded in the manufacturing processes in both the textile school 


and mill tests for each of the five grades tested, while figure 10 
represents the total waste percentages. The differences in the storage 
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conditions as well as in the weather and location of the mill and 
textile school explain the differences in the waste percentages shown 
in figure 10, which represent largely the differences in the moisture 
content of the cotton. If the waste percentages were corrected for 
moisture content, the results at the mill and textile school would be 
practically the same. The results of the moisture determinations 
emphasize the need of a more exact knowledge of the moisture con- 
tent of cotton in the various stages of handling and marketing it and 
of maintaining proper artificial atmospheric conditions while it is in 
the course of manufacture. 

Tensile-strength tests were made of yarn which had been spun 
with the use of several twist constants. It was found that the 
constant of 4.75 which is generally considered standard for upland 


PER SKSIN OF 120 YARDS. 
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Fig. 11.—The average tensile strength of 22’s yarn in pounds per skein of 120 yards each, as found in the 
mill and textile school tests. (4.75 twist constant used.) 


cottons was excessive. Figure 11 represents graphically the average 
tensile strength of 22’s yarn in pounds per skein of 120 yards pro- 
duced in the mill and the textile school for each of the five grades 
tested. 

The bleaching tests were conducted in bleacheries in Massachusetts, 
and the results checked in a textile school in the North. The results 
showed that when the goods made from each grade were bleached 
under identical conditions Middling Fair and Good Middling were 
practically identical in color. The goods made from Middling 
did not produce quite as pure a white as Middling Fair and Good 
Middlng, but for commercial purposes gave satisfactory results; 
the goods made from Low Middling gave a slightly slaty color 
when closely compared with the other grades, while the goods made 
from Good Ordinary were easily distinguished by a slaty, bluish 
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cast when compared with the goods made from Middling cotton or 
that of a better grade. The lower grades might have been bleached 
more satisfactorily if in some of the processes the factors of time, 
concentration, and temperature had been altered. 

A comparison of the waste and tensile strength of the old per- 
Missive cotton grades, as determined by tests made in the fail of 1913 
on the 1912 crop, with the results of tests made on the present 
Official Cotton Standards in the spring of 1916 on the 1914 crop, shows 
that the changes made in the revision of the old permissive grades 
did not change the percentages of waste in the corresponding grades, 
but mvolved principally the factor of color and affected chiefly the 
lower grades. 

The tests based on the Official Cotton Standards of the United 
States show that after making allowances for the losses due to the 
cleaning processes there is comparatively little difference between 
the grades above and those below Middling in the price paid by the 
manufacturer for each pound of the usable cotton obtained from 
bales of the different grades, but that there is a difference in the 
intrinsic value per pound of the manufactured product. Accord- 
ingly, on the basis of quotations and values at the time of the tests, 
the inducement in the price paid to the farmer for the production of 
high-grade cotton was not commensurate with the greater value to 
the manufacturer of the product derived from such cotton. 
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INTRODUCTION. 


The following outlines are the result of a demand for a more 
uniform standard in agricultural instruction in secondary schools 
of the South. The courses outlined, with other elective courses 
suggested, are intended for the third and fourth years, after the 
students have completed the work in agronomy and animal hus- 
bandry outlined for the first two years. 


ADAPTATION TO LOCAL NEEDS. 


It is to be expected that these courses will be molded to meet the 
needs of the students of each school and the community in which 
they live. In order to accomplish this purpose it may be necessary 
to change the order of the courses in the curriculum. To meet the 
needs of the majority of schools the following order has been sug- 
gested: First year, soils and crops; second year, animal husbandry; 7? 


1 Prepared under the direction of C. H. Lane, Chief Specialist in Agricultural Education. 
2See U.S. Dept. Agr. Bul. 521 for courses for the first and second years. 
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third year, horticulture; fourth year, rural economics and farm 
management and rural engineering. It is not essential that this order 
shall be maintained in all cases. In districts where fruit’growing or 
vegetable gardening are the predominating agricultural industries, it 
may be preferable to have horticulture in the first year and let the 
students learn the fundamentals of plant production in their applica- 
tion to fruit growing, vegetable gardening, and floriculture. 

The topics within each course and their order of presentation must 
be adapted also to meet local needs. It is left with the local teacher 
to work out a seasonal sequence where such is desired. The teacher 
also should emphasize topics of local importance at the expense of 
those not having local value. For example, lesson outlines cover 
both grapes and strawberries. It may happen that strawberries are 
very important in a section to which grapes are not suited; as it will 
not be necessary to spend much time with grapes, more time will be 
available for strawberries. Likewise, with more comprehensive 
subjects the needs of the local community should receive the most 
consideration. 

It must be left with the local teacher also to adapt the courses to 
the individual needs and capacities of his students. Students who 
have had a course in botany and a course in crop production will be 
able to go deeper into a subject like plant breeding than will those 
who are just beginning these studies. Students who have had shop- 
work in their elementary courses and mathematics and physics in 
their high-school course will be capable of more advanced work in 
rural engineering than students without such preparation. 


ELECTIVE COURSES. 


Although something may be done within a given course to meet the 
needs of a community or a special group of students, it may be neces- 
sary to modify an entire curriculum in order to accomplish this pur- 
pose successfully. After the students have a foundation in the 
fundamentals of crop production and animal husbandry, which are 
needed in all sections, their work may be conducted along more 
special lines. While it is presumed that all students will need farm 
management and rural engineering, the school may not be prepared 
to do justice to these courses as it would to some other branches of 
agriculture. Wherever it is possible a number of elective courses 
should be offered in the third and fourth years. In order to do justice 
to extra courses, where there is but one teacher, it will be necessary 
to combine classes and offer some of the courses in alternate years. 
From the following suggested courses it should be possible to make a 
selection which will meet most conditions in the South: 

Field crops, } unit.—A special course in field crops should be an 
outgrowth of the general course in soils and crops. The course 
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should be centered around the most important crops in the com- 
munity. Insome sections it may be made largely a course in forage 
crops, with emphasis on the legumes. In other sections it may be 
made largely a course in corn or in cotton or both of these crops. 

Animal husbandry, 4 unit—This course should be developed from 
the general course in animal husbandry and should go into a more 
detailed and thorough consideration of those phases of animal hus- 
bandry most important in the community. In most sections it will 
be largely a course in meat production, with emphasis on swine and 
beef cattle. 

Dairy husbandry, 4 unit.—A special course in dairying should not 
be attempted unless there is provision for practical work in the care 
of milk and the making of butter and cheese. The course should 
cover milk production as well as the handling of milk and its products. 
It should be built upon the elementary lessons given in connection 
with the general course in animal husbandry. At least half the time 
should be given to practical work in the dairy. 

Poultry husbandry, 4 unit.—This course also may be based on the 
lessons in the animal-husbandry course. A special course not only 
will give opportunity for a more thorough consideration of those 
phases of poultry keeping most important in the community, but 
also time for more practical work. 

Dry farming, 4 unit; irrigation farming, 4 unit.—These courses are 
suggested as a means of adapting the work in agriculture to the arid 
sections of the Southwest. There are textbooks which may be made 
the bases for both courses. 

Fruit growing, 4 unit; vegetable gardening, $ unit; floriculture and 
landscape gardening,  unit.—The general course in horticulture 
outlined in this bulletin may be divided into three special courses as 
suggested. The course may be given as a whole or in part, accord- 
ing to the needs of the school. If the work in plant propagation is 
given with the floriculture and home-ground improvement as out- 
lined, each course will constitute a third of a unit. 

Farm forestry, + unit—In many sections a brief course in farm 
forestry should be given either in addition to the course in horti- 
culture or in substitution for that part not so important in the 
district. There are good books and bulletins upon which to base the 
course. 

Insect pests, + unit—In connection with the courses in horti- 
culture and field crops in some sections it will be desirable to give 
special attention to insect pests. -Although, as a means of under- 
standing how to control them, it will be essential to know the struc- 
ture, habits, and life histories of the insects most important in the 
district, emphasis should be placed upon control measures. 


4 BULLETIN 592, U. 8S. DEPARTMENT OF AGRICULTURE. 


USE OF REFERENCE MATERIAL. 


Although it is left with the teacher and the local school authori- 
ties as to whether a textbook is used or not, it is hoped that the out- 
lines, with the references given, will aid the teacher in getting away 
from the limitations of any one textbook. A list of books suitable 
for reference purposes is given at the end of each course. By a 
judicious selection of reference material and the making of special 
assignments to individual students, the teacher may do much toward 
adapting the subject to the needs of the community and the members 
of the class. Special reference to bulletins of the United States 
Department of Agriculture are given with nearly every lesson. In 
order to meet local needs, the publications of the States should be 
used in addition to department publications. It is especially im- 
portant that the teacher get in touch with the agricultural college, 
experiment stations, and board of agriculture of the State in which the 
school is located and learn what material suitable for use in the school 
may be available. Files of these publications should be kept in 
working order along with the Yearbooks and the Farmers’ Bulle- 
tins! of the Department of Agriculture. 


USE OF ILLUSTRATIVE MATERIAL. 


It is important that concrete material shall be brought into the 
classroom and that well-organized field trips shall be taken when 
convenient. In addition to such study, abundant use should be made 
of pictures, charts, lantern slides, etc., to visualize the lesson in an 
effective manner. Suggestions for illustrative material are given 
in connection with many of the lessons. The instructor should make 
preparations early for all illustrative material needed.? 


PRACTICAL WORK. 


In the preparation of the outlines, it has been assumed that 
there will be in the school year 36 weeks of 5 days each. For 
each year 104 lessons are planned which provide for classroom 
work three days in the week, leaving four periods for examinations 
or reviews. The remainder of the time, equal to two periods per 
day, two days in the week, should be given to practicums and proj- 


1 Farmers’ Bulletin and Yearbooks of the United States Department of Agriculture may be obtained 
free as long as the supply lasts, on application to the Secretary of Agriculture, Washington, D. C., or to a 
Senator or Representative in Congress. These and other publications of the Department of Agriculture, 
when no longer available for free distribution, may be obtained from the Superintendent of Documents, 
Government Printing Office, Washington, D. C., at a nominal price. Price lists covering various Govern- 
ment publications may be obtained free from the Superintendent of Documents. Each teacher should 
secure a copy of Price List No. 16, which includes Farmers’ Bulletins, Yearbooks, and Department Bulle- 
tins of the United States Department of Agriculture. Lists of these publications prepared for teachers 
may be obtained from the Agricultural Instruction division of the States Relations Service. 

2 See the following Farmers’ Bulletins: 586, Collection and Preservation of Plant Material for Use in the 
Study of Agriculture; 606, Collection and Preservation of Insects and Other Material for Use in the Study 
of Agriculture. 
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ects. It is assumed that credit will be given for home projects 
and practicums on the same basis as for laboratory work, i. e., one 
hour’s credit for two hour’s work, and that extra credit will be given 
for extensive projects requiring more than the time needed to make 
up the credit given for the course. Routine work involved in a 
project may not be worthy of full credit. It is expected that extra 
credit will-be given- for the projects suggested in connection with 
the fourth-year courses. It is even more important that the prac- 
tical work meet the needs of the students and the community than . 
that of the classroom. The practicums and projects listed are but 
suggestive. Credit should be given for any line of community or 
home work which may involve the acquiring of skill and in which 
the principles learned in the classroom may be applied. It is especi- 
ally important that the teacher make an effort to secure acceptable 
substitutes for home projects for students who do not live on farms. 
Credit should be given according to the educational value of such 
work. In order to have such value, it must present problems new 
to the student, it should be linked in a definite way with the course 
taken, and it should have the supervision of the instructor or some 
competent person.’ 


OUTLINE FOR HORTICULTURE—THIRD YEAR. 


(One unit.) 
PLANT PROPAGATION. 


(Eleven lessons, eight double periods for practical work.) 


References.—The Propagation of Plants, Farmers’ Bulletin 157. For suggestions 
as to teaching this subject, with directions for practical work, see States Relations 
Service Document 63, The Propagation and Pruning of Plants—Suggestions for 
Teaching the Subject in Secondary Schools. 


Lesson 1.— The Seed.. 


1. How plants produce seed. 
2. Why plants produce seed. 
3. Structure and classification of seeds. 
Illustrative material.—Charts and diagrams showing fecundation of the ovule. 
Flowers and seeds of different types. 


Lesson 2.—Seed Selection. 


1. Factors influencing quality of seed. 

2. Importance of seed selection. 

3. Gathering and storing seed. 

4. Seed buying. ‘ ; 

Special references.—The Farmer’s Interest in Good Seed, Farmers’ Bulletin 111. 
Articles in the following Yearbooks of the Department of Agriculture: 1896, Seed 
_ Production and Seed Saving; 1899, Seed Selling, Seed Growing, and Seed Testing; 
1901, Agricultural Seeds, Where Grown and How Handled; 1907, Art of Seed Selec- 
tion and Breeding; 1915, How Seed Testing Helps the Farmer. 


1 For a discussion of the home-project plan and the problem of giving credit for home work, see the follow- 
ing bulletins of this department: 346, Home Projects in Secondary Courses in Agriculture; 385, School 
Credit for Home Practice in Agriculture. 
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Exercise 1.—Hzxamination of Seed for Impurities. 


Special reference.—Testing Farm Seed in the Home and in the Rural School, 
Farmers’ Bulletin 428. 
Lesson 3.—Germination and Testing of Seeds. 
1. Conditions essential to germination. 
2. Importance of seed testing. 
8. Methods of testing seeds. 
Special reference.—Testing Farm Seed in the Home and in the Rural School, 
Farmers’ Bulletin 428. 


Exercise 2.— Testing Seeds for Viability. 


Note.—If the students have had some practice in testing farm seed, use garden 
seeds, such as onion, carrot, and parsnip, or flower seeds more difficult to test. 


Lesson 4.—The Hotbed. 
1. Principles and essentials of construction. 
2. Materials and methods of construction. 
3. Management. 
Illustrative material_— Diagrams and plansshowing hotbed construction. 
Exercise 3.—Hotbed Construction. 
Special reference.—For directions for making a hotbed see Farmers’ Bulletin 195, 
Annual Flowering Plants. 


Lesson 5.—The Seed Bed and Cold ane 


1. Purpose of the seed bed. 
2. Establishing and maintaining the bed. 
3. Seed flats and their use. 
4. The cold frame. 
5. The lath house. 
Special reference.—Frames as a Factor in Truck Growing, Farmers’ Bulletin 460. 


Exercise 4.— Making and Using Seed Flats, Krames, etc. 


Lesson 6.—Asexual Propagation. 
1. Underlying principles. 
2. Advantages to the farmer. 
3. Advantages to the plant breeder. 
4. Natural methods. 
Lesson 7.—Propagation by Parts Intact. 
1. Suckers. 
2. Stolons. 
3. Layers. 
4. Division of the crown. 
Illustrative material—Fresh material supplemented by charts to show various 
means of propagation. 
Lesson 8.—Propagation by Parts Detached. 
1. Specialized buds as bulbs, bulblets, corms, and tubers. 
2. Roots. 
3., Cuttings of various types. 


EXERCISE 5.—Propagation by Cuttings. 
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Lesson 9.—Budding and Grafting. 


1. Definition. 
2. Underlying principles. 
3. Essential requisites. 


Lesson 10.—Budding and Grafting—Continued. 


1. Types of budding. 
2. Types of grafting. 
3. Materials and methods. 


Exercise 6.—Field Practice in Budding. 
EXxeERcIsE 7.—Practice in Semple Types of Grafting. 
Lesson 11.—Nursery and Orchard Practices. 


1. Methods used in producing nursery stock. 
2. Methods used in trying out new varieties. 
3. Bridge-grafting wounded trees. 
4. Top-working established orchards. 
Special references.—Farmers’ Bulletin 539, The Propagation of Citrus Trees in the 
Gulf States. Yearbook 1902, Top-working Orchard Trees. 
Nore.—This lesson may be supplemented to good advantage by a field trip to an 
orchard or nursery where such work is in progress. 


FRUIT GROWING. 
(Thirty-five lessons, 12 double periods for practical work. Projects.) 


References.—The following Farmers’ Bulletins; 113, The Apple and How to Grow 
It; 154, The Home Fruit Garden, Preparation and Care; 482, The Pear and How to 
Grow It; 538, Sites, Soils and Varieties of Citrus Groves in the Gulf States; 631, 632, 
and 633, Growing Peaches; 700, Pecan Culture; 776, Growing Cherries East of the 
Rocky Mountains. Articles in the following Yearbooks: 1900, Commercial Pear 
Culture; 1901, The Home Fruit Garden. Commercial Apple Growing; 1902, Culti- 
vation and Fertilization of Peach Orchards. 


-Lresson 1.—Factors Determining Success in Fruit Growing. 


1. Relation to general farming and live stock. 
2. Climate and weather conditions. 
3. Accessibility to markets. 
4, The personal factor. 
Illustrative material.—Illustrated Tracie on Koectiaed Management, States Rela- 
tions Service, Office of Farmers’ Institutes. 


Lesson 2.—The Location and Site for the Orchard. 


1. Soils and subsoils. 

2. The moisture supply and water drainage. 
3. Temperatures and air drainage. 

4. Wind protection. 

5. Exposure and slope. 


Lesson 3.—Classification of Fruits. 


1. Pome fruits, stone fruits, citrus fruits, and other fruits of the orchard. 
2. Small fruits and grapes. 
3. Other fruits. = 
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Lesson 4.—Varieties of Fruits for the South. 


1. Varieties of general importance. 
2. Varieties of Iocal importance or value. 

Special references.—Fruits Recommended by American Pomological Society for 
Cultivation in Various Sections of the United States and Canada. Revised by Com- 
mittee of American Pomological Society. Bureau of Plant Industry Bulletin 151. 
“Promising New Fruits” in each of the Yearbooks. Apples: Production Estimates 
and Important Commercial Districts and Varieties, Department Bulletin 485. 


Lesson 5.—Orchard Soils. 


1. Relation of soils to types of fruit. 

2. Relation of soils to varieties of fruit. 

3. Relation of soils to water supply. 

4. Relation of soils to tillage and management. 
Lesson 6.—Preparing the Land. 

1. Necessity of thorough preparation before planting. 

2. Lands to be irrigated or needing drainage. 

3. Preparation of new lands. 

4. Plowing, subsoiling, and other operations. 
Lesson 7.—Laying out the Orchard. 

1. Distances to plant. 4 

2. Systems of orchard planting. 

3. The question of interplanting. 

4. Staking out the orchard. 

Illustrative material.—Charts showing planting sere 

Lesson 8.—Planting the Trees. 

1. Time of planting. 

2. Care of trees before planting. 

3.- Details which mean much in planting. 

4. Planting implements and methods. 
Exercise 1.—Planting Orchard Trees. 


On the school farm, the home farm of the students, or upon farms 
neighboring the school. 


Lesson 9.—Cultiwation of the Orchard. 


1. Purposes of tillage. 
2. Tillage implements. 
3. Methods of cultivation. 
Lesson 10.—Green Manures and Cover Crops. 
1. Clean tillage v. sod. 
2. Value of special crops for green manuring. 
3. The problem of erosion and the use of cover crops. 
4. Suitable crops and their management. 


Lesson 11.— Fertilizers. 
1. Effects of fertilizers upon trees and fruits. 
2. Use of barnyard manure. 


3. Commercial fertilizers and their application. 
Illustrative material.—Samples of commercial fertilizers. 
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Lesson 12.—Intercropping. 


1. Advantages of intercropping. 

2. Dangers of intercropping. 

3. Poor crops to grow between trees. 
4. Good crops and their management. 


Lesson 13.—Friends and Foes of the Fruit Grower. 


1. Birds in the orchards. 

2. Work of the honeybee. 

3. Extent of insect injury. 

4, Extent of losses from disease. 
5. Other orchard pests. 

Special references.—The following Farmers’ Bulletins: 506, Food of Some Well- 
known Birds of Forest, Farm and Garden; 630, Some Common Birds Useful to the 
Farmer; 670, Field Mice as Farm and Orchard Pests; 702, Cottontail Rabbits in 
Relation to Trees and Farm Crops. 


Lesson 14.—/Jnsect Pests and Their Control. 


1. Classification of insects according to nature of injury and method of control. 
2. Control of sucking insects. 
3. Control of biting and boring insects. 
4. Natural. enemies of insects. 
5. Value of clean cultivation and sanitation. 
Illustrative material—Mounted insects and specimens showing insect injury. 
Special reference.—Collection and Preservation of Insects and Other Materials for 
Use in the Study of Agriculture, Farmers’ Bulletin 606. 


Exercise 2.—Miaing Insecticides. 


For spraying exercise to follow. May be necessary to combine 
Exercises 2 and 3. 


Lesson 15.—Some Common Insect Pests. 
1. Insects attacking the pome fruits. 
2. Insects attacking the stone fruits. 
3. Miscellaneous insects of importance. 

Special references.—The following Farmers’ Bulletins: 440, Spraying Peaches for 
the Control of Brown Rot, Scab, and Curculio; 492, The More Important Insect and 
Fungus Enemies of Fruit and Foliage of the Apple; 650, San Jose Scale and Its Con- 
trol; 662, Apple Tree Tent Caterpillar; 675, Round-headed Apple Tree Borer; 723, 
Oyster-shell Scale and the Scurfy Scale; 845, Gipsy Moth and Brown-tail Moth. The 
following circulars of the Bureau of Entomology; 20, The Wooly Aphis of the 
Apple; 54, The Peach Tree Borer; 131, How to Control Pear Thrips. Articles in the 
following Yearbooks: 1907, Codling Moth or Apple Worm; 1908, Information About 
Spraying for Orchard Insects; 1913, Bringing Applied Entomology to the Farmer. 


Exercise 3.—S praying for Insect Pests. 


Wherever possible this should be a class practicum upon the school 
farm or farms neighboring the school. If the school does not own a 
spraying outfit it may be possible to borrow one. It is preferable 
to spray where the work is really needed and with a view of accom- 
plishing practical results. If it is impossible to carry out spraying 
as a class practicum it should be encouraged as a home practicum. 

Special reference.—Important Insecticides, Farmers’ Bulletin 127. 
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Lesson 16.—Plant Diseases. 


1. Physiological troubles. 
2. Fungus parasites. 
3. Bacteria and plant disease. 
Illustrative material—Mounted specimens showing plant diseases. 
Special reference.—Collection and Preservation of Plant Material for Use in the 
Study of Agriculture, Farmers’ Bulletin 586. 


Lesson 17.—The Control of Plant Diseases. 


1. Value of sanitation and general preventive measures. 
2. Disease-resistant varieties. 
3. Spraying and pruning as a means of control. 

Special references.—The following Farmers’ Bulletins: 243, Fungicides and Their 
Use in Preventing Diseases of Fruits; 284, Insect and Fungus Enemies of the Grape 
East of the Rocky Mountains; 440, Spraying Peaches for Control of Brown Rot, Scab, 
and Curculio; 492, The More Important Insect and Fungus Enemies of the Fruit 
and Foliage of the Apple. Articles in the following Yearbooks: 1895, Cause and 
Prevention of Pear Blight; 1896, Diseases of Shade and Ornamental Trees; 1908, 
Development of Farm Crops Resistant to Disease. 


Exercise 4.— Mixing Fungicides. 


The suggestions for mixing insecticides and spraymg tor insect 
pests will apply to Exercises 4 and 5. 


Lesson 18.—Some Common Diseases of Orchard Fruits. 


1. Diseases attacking the pome fruits. 

2. Diséases attacking the stone fruits. 
3. Miscellaneous diseases of importance. = 
Special references——The following Farmers’ Bulletins: 243, Fungicides and Their 
Use in Preventing Diseases of Fruits; 440, Spraying Peaches for the Control of Brown 
Rot, Scab, and Curculio;-492, The Important Insect and Fungus Enemies of the 
Fruit and Foliage ofthe Apple. Peach Scab and Its Control, Department Bulletin 395. 


EXERcISsE 5.—Spraying for Fungus Diseases. 
Lesson 19.—Frost Protection. 


1. Physics of frost formation. 

2. Foretelling frost. 

3. Injury due to freezing temperatures. 
4. Methods of protection and control. 

Special references.—Articles in the following Yearbooks: 1909, Prevention of 
Frost Injury to Fruit Crops; 1914, Story of the Thermometer and Its Uses in 
Agriculture. The following Farmers’ Bulletins: 104, Notes on Frost; 401, Protec- 
tion of Orchards in the Pacific Northwest from Spring Frosts by Means of Fires and 
Smudges. 


Lesson 20.—Principles of Pruning. 


1. A study of fruit buds. 
2. Bearing habits of trees. 
3. Pruning for wood v. pruning for fruit. 
4. Pruning tools. 
Special references.—Articles in the following Yearbooks: 1895, Principles of Prun- 
ing and Care of Wounds in Woody Plants; 1898, Pruning of Trees and Other Plants. 
Pruning, Farmers’ Bulletin 181. 
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Lesson 21.—Pruning Young Trees. 
1. Directing the growth. 
2. Pruning the young tree which has been neglected. 
3. Special directions for forming heads on trees of different types. 


EXERCISE 6.—Pruning Young Trees. 


Inasmuch as pruning is largely an art involving skill to be devel- 
oped by practice, as much time as possible should be spent in the 
application of the principles discussed m the classroom in practical 
work in the orchard. In any fruit-growing community it should not 
be difficult to secure material for practice near the school. Although 
the work may be introduced by a demonstration from the instructor 
and should be supervised closely, its value will depend largely upon 
the amount of practice secured by each individual student. Usually 
it is not necessary for the school to own equipment for all the students, 
as they may bring tools from home. For young trees hand shears 
will suffice, but for older trees saws, long-handled shears, and ladders 
also will be needed. 

Lesson 22.—Pruning Trees in Bearing. 

1. Relation of pruning to fruit production. 

2. Special directions for pruning different kinds of trees in bearing. 
EXERCISE 7.—Pruning Bearing Trees. 


Lesson 23.—Renovating Old Orchards. 


1. Possibilities in renovation. 
2. Pruning, spraying, scraping, cultivation, and other operations involved. 
3. Top-working to change variety. 
Special reference.—The Profitable Management of the Small Apple Orchard on the 
General Farm, Farmers’ Bulletin 491. 


Exercise 8.—Pruning Neglected Trees. 


Lesson 24.—Strawberries. 


1. The botany of the strawberry plant. 
2. Soils and fertilizers for strawberries. 
3. Establishing the strawberry bed. 
4. Care and cultivation. 
Special references.—The following Farmers’ Bulletins: 198, Strawberries; 664, 
Strawberry Growing in the South. 


Lesson 25.—Bush Fruits. 


1. Raspberries. 
2. Blackberries and dewberries. 
3. Currants. 
4. Gooseberries. 
Special references.—The following Farmers’ Bulletins: 213,.Raspberries; 643, Black- 
berry Culture; 728, Dewberry Culture. Small Fruit Culture for Market, Yearbook 
1895. 


Lrsson 26.—Grapes. 


. Species of grapes. 

. Propagation of the grape. 
. Establishing a vineyard. 
. Care and management. 

. Enemies. 


oR © De 


12 BULLETIN 592, U. S. DEPARTMENT OF AGRICULTURE. 


Special references.—Pruning and Training of Grapes, Yearbook 1898. The fol- 
lowing Farmers’ Bulletins: 118, Grape Growing in the South; 471, Grape Propagation, 
Pruning, and Training; 709, Muscadine Grapes; 758, Muscadine Grape Sirup. 
Lesson 27.—Picking Fruit. 

1. When to pick. 

2. How to pick. 

3. Picking equipment. 

4, Management of pickers. 
Exercise 9.—Picking Fruit. 

The picking, packing, and grading of fruits is another form of 
practice which must be adapted to community needs and community 
interests. In one section the work may be centered on strawberries, 
in another apples, and perhaps in a third it will be citrus fruits. 
Exercises 9, 10, and 11 may be combined and as much extra time 
devoted to the work as possible. In this work also demonstrations 
may very well precede practice. Perhaps some of the students are 
so skilled that they may show other students how. 

Special reference.—Color as an Indication of the Picking Maturity of Fruits and 
Vegetables, Yearbook 1916. 

Lesson 28.—Grading Fruit. 
1. Necessity for grading. 
2. Examples of standard grading. 
3. Paekages. 
Illustrative material.—Charts showing systems of grading and packing. 


Lesson 29.—Packing. 


Packing small fruits. 
Packing apples and pears. 
Packing plums and apricots. 
Packing peaches. 

Packing cherries. 


Exercises 10 anp 11.—Grading and Packing Fruits. 


Lesson 30.—Storing Fruits. 


1. Keeping qualities of fruits. 

2. Relation of keeping quality to handling. 
3. Advantages in storing. 

4. Essentials of good storage. 

5. Types of storehouses. 


Special reference.—Cold Storage of Small Fruits, Bureau of Plant Industry Bulletin 
108. 


Lesson 31.— Transportation of Fruits. 


. Relation of distance of market to type of fruit growing. 
. Facilities for quick handling. 

. Hauling to near-by markets. 

. Express shipments. 

. Loading cars. 

. Precooling and refrigeration. 
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Lesson 32.— Marketing. 


1. The fruit market as it now exists. 
2. Building up_a private trade. 

3. Cooperative marketing. 

4, Advertising. 

Special references.—Handling and Shipping Citrus Fruits in the Gulf States, 
Farmers’ Bulletin 696. Articles in the following Yearbooks: 1905, Handling of Fruit 
for Transportation; 1910, Cooperation in Handling and Marketing Fruit; 1910, Pre- 
cooling of Fruit. 

EXERCISE 12.—A Fruit Exhibit. Judging Fruits. 

Special references on plant breeding.—The following Bulletins of the Bureau of 
Plant Industry: 167, New Methods of Plant Breeding; 165, Application of Some of 
the Principles of Heredity to Plant Breeding. Articles in the following Yearbooks: 
1897, Hybrids and Their Utilization in Plant Breeding; 1898, Improvement of 
Plants by Selection; 1899, Progress of Plant Breeding in the United States; 1901, 
Progress in Plant and Animal Breeding; 1910, New Methods of Plant Breeding; 1911, 
Plant Introduction for the Plant Breeder. 

Lesson 33.—Improvement of Fruits. 
1. Law of variation. 
2. Law of heredity. 
3. Selection—natural and artificial. 

Lesson 34.—IJmprovement of Fruits—Continued. 
1. Methods of increasing variation. 
2. Selection according to ideals. 
3. Testing hereditary powers. 
4. Relation to methods of propagation. 

Lesson 35.—Improvement of Fruits—Continued. 
1. Some things which have been accomplished by plant breeders, 
2. Future possibilities. 
3. Work of farmer v. work of specialist. 

Suggested Home Projects— 

. Care and management of bearing orchard. 

. Establishing of home orchard. 

. Renovation of old orchard. 

. Ridding orchards of insect pests and diseases. 

. Top-working trees to more desirable varieties. 

. Harvesting and marketing fruit crops. 

. Production projects with strawberries and other small fruits. 

Suggestions for Group Projects— 

If the school owns a farm upon which an orchard is located, the 
class in fruit growing might be given the care and management of 
the school orchards as a means of applying their classroom instruction 
and for securing practical experience upon which to base the instruc- 
tion of the classroom. Some successful schools which have not 
owned orchards have leased neighboring orchards and turned their. 
management over to the students in horticulture, who did all the 
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work under the direction of the teacher. As the class was responsible 
for the success of the project, financially and otherwise, such an under- 
taking proved an excellent method of developing cooperation and 
group action among the students. 

HOME FLORICULTURE. 

(11 lessons. Projects.) 

Reference.—See States Relations Service Document 54, Home Floriculture—Sug- 
gestions for Teaching the Subject in Secondary Schools. 

This document gives an outline for a home flower garden project 
and suggestions for practicums. Although no time is allowed in this 
outline for practice, it may be possible in some cases to take more 
time for this work at the expense of some other. part of the course 
not so important in the community. 


Lesson 1.—How Plants Grow. 


1. Requirements of the plant. 
2. Work of roots, stems, and leaves. 
3. The blooming of plants. 


Lesson 2.—How We May Aid Plants in Growing. 


1. Meeting requirements for food, water, air, light, and proper temperature. 
2. Protection from enemies. 


Lesson 3.-—Soils and Fertilizers for Flowering Plants. 


1. Ideal garden soils. 

2. Modifying unsuitable types. 

3. Bedding and potting soils. 

4, Natural manures—the compost heap. 
5. Commercial fertilizers. 


Lesson 4.— Treatment for Insects and Disease. 


1. Classes of insects and their injury. 
2. Methods of insect control. 
3. Types of plant disease. 
4. Control of disease. 
Illustrative material.—Specimens of insects and plant diseases affecting flowering 
plants. 


Lesson 5.—Annuals. 
1. The plants. 
2. Their management. 

Special reference.—Annual Flowering Plants, Farmers’ Bulletin 195. 

Illustrative material.—In considering the various classes of flowering plants fresh 
material from the garden should be used where it may be obtained. Good illustra- 
tions, such as found in magazines and the best catalogues, should be used in a sup- 
plementary way. 

Lesson 6.—Potting and Bedding Plants. 
1. Plants suitable for potting. 
2. Potting the plants. 
3. Management of potted plants. 


Lesson 7.—Herbaceous Perennials. 


1. The plants. 
2. Their management. 


AGRICULTURE FOR SOUTHERN SCHOOLS. 15 


Lesson 8.—Bulbs. 


1. The plants. 
2. Their management. 


Lesson 9.—Roses and Other Woody Perennials. 


1. Types and varieties of roses. 
2. Management of roses. 
3. Other woody perennials of local importance. 
Special reference.—Roses for the Home, Farmers’ Bulletin 750. 


Lesson 10.— Window Gardening. 


1. The essentials of a window box. 
2. Making window boxes. 
3. Suitable plants and their management. 
Illustrative material—There are great possibilities in the use of window boxes to 
furnish living material for a study of plants in the classroom. 


Lesson 11.—The Home Flower Garden. 


1. Purpose of the garden. 
2. Location. 
3. Plans. 
4. Management. 
Suggested projects.— 
1. Care and management of home flower garden. 
. Contests in growing special plants suited to locality. 
. Producing plants or flowers for sale. 
. Trying out plants little known in community. 
. An exhibit of flowers grown. 
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HOME-GROUND IMPROVEMENT. 
(11 lessons. Projects.) 


References.—Beautifying the Home Grounds, Farmers’ Bulletin 185. See States 
Relations Service Document 54, Improving the Home Grounds—Suggestions for 
Teaching the Subject in Secondary Schools, for directions for practicums and projects 
to accompany these lessons. A project-study outline is given. 


Lesson 1.—Landscape Art Applied to the Home. 


1. Principles same as applied to large areas. 
2. The fundamentals of landscape art. 
3. Horticultural knowledge required. 
Illustrative material—Photographs and pictures from magazines will do much 
toward establishing ideals in landscape art in the minds of the students. 


Lesson 2.—Planning the Home Grounds. 


1. Ideal plans. 
- 2. Meeting existing conditions. 
3. Country v. city homes. 
“illustrative materials—Charts and blackboard diagrams showing plans should be 
used in connection with this lesson. Illustrated lecture, Farm Home Grounds: 
Their Planting and Care, States Relations Service, Office of Farmers’ Institutes. 


Lesson 3.—Beds, Walks, and Drives. 


1. Place in the plan. 
2. Construction and management. 
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Lesson 4.—Lawns. 


1. Lawn soils and fertilizers. 
2. Grasses for lawns. 
3. Establishing the lawn. 
_ 4. Maintaining the lawn. 
Special reference.—Lawn Soils and Lawns, Farmers’ Bulletin 494. 


Lesson 5.—Deciduous Trees. 


1. Place of trees on the home grounds. 
2. Kinds of trees adapted to local condition. 
3. Planting shade trees. 
4. Care and management. 
Special reference.—Practical Tree Surgery, Yearbook 1913. 
Lesson 6.—HLHvergreens. 
1. Place of evergreens on the home grounds. 
2. Broad-leaved evergreens. 
3. The conifers. 
4. Planting and management. 
Lesson 7.—Shrubs. 
1. Place of shrubs on the home grounds. 
2. Kind of shrubs adapted to local conditions. 
3. Planting and management. 


Lesson 8.—V2nes. 


1. Place of vines on home grounds. 
2. Annual vines. 

3. Perennial vines. 

4, Planting and management. 


Lesson 9.—Hedges, Shelter, and Windbreaks. 


1. Place on the home grounds. 
2. Suitable shrubs and trees. 
3. Planting and management. 


Lesson 10.—Temporary v. Permanent Effects. 


1. The new home—getting quick results. 
2. Use of quick-growing annuals. 
3. Rapid-growing soft wood trees. 
4, Replacing with more enduring forms. 


Lesson 11.—The School Grounds. 


1. Need for school-ground ornamentation. 
2. School grounds v. the home grounds. 
3. Planting and managing the school grounds. 
Special reference.—Tree Planting on Rural School Grounds, Farmers’ Bulletin 134. 


Suggested projects.— 
1. Ornamenting home grounds completely or in part as: Front and back yard 
improvement, planting trees, shrubs, hedges, lawns or beds of flowers. 
2. Community improvement campaign. 
3. Ornamentation of school grounds. 
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‘i VEGETABLE GARDENING. 
(35 lessons. Projects.) 


References.—The following Farmers’ Bulletins: 255, The Home Vegetable Garden; 
647, The Home Garden in the South. Articles in the following Yearbooks: 1900, 
Development of Trucking Interests; 1907, Truck Farming in Atlantic Coast States. 


Lesson 1.—Types of Vegetable Gardening. 


1. The home vegetable garden. 
2. Market gardening. 
3. Truck farming. 
4. Seed growing. 
Lesson 2.—F actors Which Influence the Growing of Vegetables. 
1. Relation to general farming. 
2. Climate and weather conditions. 
3. Accessibility to markets and transportation facilities. 
4. The personal factor. 


Lesson 3.—Soils and Their Treatment. 


1. Types of soils best.suited for vegetables. 
2. Improvement of heavy soils. 

3. Improvement of light soils. 

4. Preventing erosion. 


Lesson 4.—Barnyard and Green Manures. 


1. Value of organic matter. 
2. Care and use of barnyard manure. 
3. Management of green-manuring crops. 
Special references.—The following Farmers’ Bulletins: 192, Barnyard Manure; 
278, Leguminous Crops for Green Manuring. 


Lesson 5.—Commercial Fertilizers. 


1. Conditions making use essential and profitable. 
2. Buying and mixing of fertilizers. 


Lesson 6.—Garden Tools and Implements. 


1. Tools for preparation. 
. Hand tillage tools. 
. Horse-drawn tillage implements. 
. Planting machines. 
. Harvesting machines. 
6. The tool house—care of implements. 
Illustrative material—Implement catalogues. Visit to implement dealer if 
possible. 
Lesson 7.—Seeds. 
1. Importance of good seed. 
2. Viability in relation to age. 
3. Germination temperature in relation to time of planting. 
4. Testing seeds. 
Illustrative material—Seed catalogues, samples of garden seed. 


Lesson 8.—Seed Growing and Buying. 


1. Home-grown seed. 

2. Specialized seed growing. 
3. Buying seed. 
8210°—17—Bull. 592-3 


Ov Bm © bo 


18 BULLETIN 592, U. S. DEPARTMENT OF AGRICULTURE. 


Special references.—Farmers’ Bulletin 884, Saving Vegetable Seeds for the Home 
and Market Garden. Production of Vegetable Seeds, Bureau of Plant Industry 
Bulletin 184. Articles in the following Yearbooks: 1896, Seed Production and Seed 
Saving; 1899, Seed Selling, Seed Growing and Seed Testing; 1901, Agricultural Seeds, 
Where Grown and How Handled; 1907, Art of Seed Selection and Breeding; 1909, 
Vegetable Seed Growing as a Business. 


Lesson 9.—Improvement of Varieties. 
1. Work of seed growers and special plant breeders. 
2. Selection in connection with home-grown seed. 
3. Novelties v. proven varieties. 
4, Study of seed catalogues. 
Special reference.—Testing Commercial Varieties of Vegetables, Yearbook 1900. 


Lesson 10.—General Cultural Methods. 
1. Preparation of the seed bed. 
2. Planting methods. 
3. Conservation of moisture. 
4, Combating weeds. 


Lesson 11.—Garden Insects. 
1. Damage done by insects. 
2. Common biting insects of the garden. 
3. Common sucking insects of the garden. 
Tilustrative material.—Specimens of common garden insects. 


Lesson 12.—Control of Insect Pests. 
1. Poison sprays. 
2. Contact sprays. 
3. Control by rotation. 
4, Other means of control. 


Lesson 13.—Control of Diseases. 
1. Nature of plant diseases. 
2. Control by spraying. 
3. Control by rotation. 
4, Other means of control. 
5. Disease-resistant varieties. 
Illustrative material —Specimens of diseases of garden crops. 
Special references.—The following Farmers’ Bulletins: 232, Spraying for Cucumber 
and Melon Diseases; 488, Diseases of Cabbage and Related Crops and Their Control; 
544, Potato Tuber Diseases; 714, Sweet Potato Diseases. 


Lesson 14.—Harvesting and Marketing. 
1. Harvesting of the green crops. 
. Harvesting of matured products. 
. Harvesting devices and machinery. 
. Transportation of vegetables. 
. Establishing a private trade. 
6. Cooperative marketing. 
Special reference.—A Successful Method of Marketing Vegetable Products, Year- 
book, 1912. 


Lesson 15.—Storing Vegetables. 
1. Keeping qualities of vegetables. 
2. Essentials of good storage. 
3. Devices for storing in the field. 
4, The storage house. 
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Lesson 16.—Sweet Potatoes. 
1. Botany of the plant. 
2. Types and varieties. 
3. Soils and fertilizers. 
4, Propagation and planting. 
5. Cultivation and management of crop. 
6. Storage and handling of crop. 
(The above outline may be adapted to the crops following.) 
Special references.—The following Farmers’ Bulletins: 324, Sweet Potatoes; 548, 
Storing and Marketing Sweet Potatoes; 714, Sweet Potato Dinca 
Illustrative material.—Illustrated lecture, The Sweet Potato: States Relations 
Service, Office of Farmers’ Institutes. 


Lesson 17.—Root Crops. 

1. Radishes. 

2. Turnips and rutabagas. 

3. Beets. 
Lesson 18.—foot Crops. 

1. Salsify. 

2. Carrots. 

3. Parsnips. 

4, Other roots of local importance. 
Lesson 19.—IJrish Potatoes. 

Special references.—The following Farmers’ Bulletins: 407, The Potato as a Truck 
Crop; 533, Good Seed Potatoes and How to Produce Them; 753, Commercial Hand- 
ling, Grading, and Marketing of Potatoes. 

Lesson 20.—Onions. 

Special references.—The following Farmers’ Bulletins: 354, Onion Culture; 434, 
The Home Production of Onion Seed and Sets. 

Lesson 21.—Cabbage and Its Relatives. 

1. Cabbage and collards. 
2. Cauliflower. 

3. Kohl-rabi. 

4. Brussels sprouts. 

Special reference.—Cabbage, Farmers’ Bulletin 433. 

Lesson 22.—Plants for Greens and Garnishing. 
1. Kale. 

. Turnips. 

. Mustard. 

. Spinach. 

. Swiss chard. 

. Dandelions. 

. Parsley. 

8. Cress and other crops of minor or local importance. 


Lesson 23.—Lettuce and Endive. 


Special reference——American Varieties of Lettuce, Bureau of Plant Industry 
Bulletin 69. 


Lesson 24.—Celery. 


Special reference.—Celery, Farmers’. Bulletin 282. 
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Lesson 25.— Tomatoes, Peppers, and Eggplant. 
Special references.—The following Farmers’ Bulletins: 220, Tomatoes; 642, Tomato 
Growing in the South. 
Lesson 26.— Watermelons. 
Lesson 27.—Cantaloups and Muskmelons. 


Lesson 28.—Cucumbers and Squashes. 
Special references.—The following Farmers’ Bulletins: 254, Cucumbers; 231, 
Spraying for Cucumber and Melon Diseases. 
Lesson 29.—Sweet Corn and Popcorn. 
Special references.—The following Farmers’ Bulletins: 553, Popcorn for the Home; 
554, Popcorn for the Market. 
Lesson 30.—Some Southern Vegetables. 
1. Okra. 
2. Globe artichoke. 
3. Roselle. 
Special references.—The following Farmers’ Bulletins: 232, Okra: Its Culture and 
Uses; 307, Roselle: Its Culture and Uses. 


Lesson 31.—Asparagus and Rhubarb. 
Lesson 32.—Peas and Beans. 

Special reference.—Beans, Farmers’ Bulletin 289. 
Lesson 33.>—-The Farmers’ Vegetable Garden. 


1. Importance of producing vegetables for the home. 
2. Plans in relation to economical management. 
3. Management. 

Tllustrative material.—Illustrated lecture, The Home Vegetable Garden, States 
Relations Service, Office of Farmers’ Institutes. : 
Lesson 34.—The Suburban Garden. 

1. Kinds of vegetables. 
. Plans in relation to available space. 
. Management. 
. The garden in town and village. 
Lesson 35.—Forcing Vegetables. 


1. The hotbed. 
2. Cold frames. 
3. Sundry devices. 
Special reference.—Frames as a factor in Truck Growing, Farmers’ Bulletin 460. 


SUGGESTED PROJECTS FOR HORTICULTURE. 


SCHOOL GARDEN. 
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1. Wherever the home vegetable garden needs exploitation, the 
school garden might well be made a model home garden. 

2. It may be used for the introduction of new varieties and that 
students and patrons may secure a wider knowledge of vegetable 
farms. 


3. It may be used to supply vegetables and fruits for the domestic- 


science work, especially in connection with canning practice. 
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HOME GARDENS. 


1. Care and management of home vegetable garden. 

2. Production projects with acre or less of crop suitable to locality 
and for which there is a ready market. 

3. Correlation with canning-club work. 

4. Improvement of varieties by seed selection. 

5. Seed-growing experiments. 

6. Variety tests. 

7. Control of insects and disease. 

8. Production and sale of plants grown in hotbeds, ete. 

9. Developing city trade through parcel post. 

10. An exhibition of products grown. 


EQUIPMENT FOR HORTICULTURE. 


As the laboratory work in horticulture is essentially of a practical 
nature in which the exercises are adapted to local conditions, no 


definite list of apparatus and materials 1s possible. The work should 
be adapted to the resources of the school as well as to its needs. The 
school which owns a well-equipped farm with greenhouse, orchard, 
and garden will have the advantage; however, no school need neglect 
practical work because it does not have equipment, as it may use 
the home farms of the students and the farms surrounding the 
‘school. 

Each school should make an effort to secure the following equip- 
ment for the exercises suggested in the outline: 

Materials for hotbed, cold frames, seed flats, and window boxes. 

Budding knives, grafting chisel, pruning saws, and shears. 

Material for making grafting wax. 

A spraying outfit with. spraying materials for insect peers and plant 
diseases, 

A collection of vegetable and flower seeds, with blotters and paper 
pie plates to be used in testing. 


TEXTS AND REFERENCES FOR HORTICULTURE.! 


Bailey, L. H. Manual of Gardening. New York: The Macmillan Co., 1914, 2. ed. 

Bailey, L. H. The Pruning Book. New York: The Macmillan Co., 1911, 12. ed. 

Bailey, L. H. The Principles of Fruit Growing. New York: The Macmillan Co., 
1915, rev. ed. ; 

Bailey, L. H. The New Standard Cyclopedia of Horticulture. 6 Vols. New York, 
The Macmillan Co. Vols. I and II, 1914; Vol. III, 1915; Vols. IV and V, 1916; 
Vol. VI, 1917. 

Bailey, L. H., and Gilbert, A. W. Plant Breeding. New York: The Macmillan Co., 
1915, rev. ed. 

Brown, R.S. Modern Fruit Marketing. New York: Orange Judd Co., 1917. 

Card, F. W. Bush Fruits. New York: The Macmillan Co., 1917, rev. ed. 

Davenport, Eugene. Domesticated Annuals and Plants. Boston: Ginn & Co., 1910. 


1 These books are recommended by the Commission on Accredited Schools of the Southern States. 
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Duggar, B. M. Fungous Diseases of Plants. Boston: Ginn & Co., 1909. 

Card, F. W. Bush Fruits. New York: The Macmillan Co., 1914. 

Corbett, L. C. Garden Farming. Boston: Ginn & Co., 1914. 

Goff, E.S. The Principles of Plant Culture. New York: The Macmillan Co., 1916, 
rev. ed. 

Green, S. B. Popular Fruit Growing. St. Paul, Minn.: Webb Pub. Co., 1912, 4. 
ed. rev. 

Green, 8. B. Vegetable Gardening. St. Paul, Minn.: Webb Publishing Co., 1914, 
12. ed. rev. 

Kains, M.G. Plant Propagation. New York: Orange Judd Co., 1916. 

Lloyd, J. W. Productive Vegetable Gardening. Philadelphia: J. B. Lippincott 
Co., 1914. 

Lodeman, E.G. The Spraying of Plants. New York: The Macmillan Co., 1910. 

Rexford, E. E. Home Floriculture. New York: Orange Judd Co., 1903. 

Rolphs, P. H. Subtropical Vegetable Gardening. New York: The Macmillan Co., 
1916. 

Sears, F.C. Productive Orcharding. Philadelphia: J. B. Lippincott Co., 1914. 

Slingerland, M. V., and Crosby, C. R. Fruit Insects. New York: The Macmillan 
Co., 1914. 

Smith, J.B. Economic Entomology. Philadelphia: J. B. Lippincott Co., 1906. 

Watts, R. L. Vegetable Gardening. New York: Orange Judd Co., 1912. 

Waugh, IF. A. Landscape Gardening. New York: Orange Judd Co., 1912. 

Weed, C. M. Farm Friends and Farm Foes. Boston: D. C. Heath & Co., 1910. 

White, E. A. Principles of Floriculture. New York: The Macmillan Co., 1915. 


OUTLINE FOR RURAL ENGINEERING—FOURTH YEAR, 
(One-half unit.) 


General references—How Engineering May Help Farm Life, Yearbook 1915. 
Laboratory Exercises in Farm Mechanics for Agricultural High Schools, Farmers’ 
Bulletin 638. 

FARM MACHINERY. 
(24 lessons, 16 exercises.) 
Lesson 1.—Development of Farm Machinery. 


1. History of agriculture in relation to machinery. 
2. Development of particular types. 
3. Status of American farming in relation to machinery. 


Lesson 2.—Felation of Farm Machinery to Management. 


1. Equipment in relation to type of farming. 
2. Equipment in relation to size of farm. 
3. Buying machinery. 
Special references.—Minor Articles of Farm Equipment, Bureau of Plant Industry, 
Circular 44. Study of Farm Equipment in Ohio, Bureau of Plant Industry, 
Bulletin 213. 


Lesson 3.—Mechanical Principles. 


1. Definitions of machine, implement, and tool. 
2 Physical principle involved. 
3. Factors of efficiency. 
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Lessons 4 anp 5.—Tillage Implements. 
1. Deep tillage implements. 
(a) The plow and subsoiler. 
2. Shallow tillage implements. 
(a) Cultivators, (b) harrows, (c) the roller and planker, and (d) weeders. 
3. Hand tools. 
Illustrative material.—Catalogues of implement dealers. 


EXERCISE 1.—A Study of Tillage Implements. 


The class may spend the time profitably making a first-hand study 
of the tillage implements on a well-equipped farm or at an implement 
dealer’s. This exercise should involve the naming of parts as sug- 
gested in Exercise 23, Farmers’ Bulletin 638. 

Lesson 6.— Fertilizing Machines. 
1. The manure spreader. 
2. Machines and devices for spreading commercial fertilizers. 
3. Lime-spreading machine. 

Special reference.—Farm Methods of Applying Land Plaster in Western Oregon 
and Western Washington, Bureau of Plant Industry Circular 22. 


Exercisr 2.—Study and Use of Manure Spreader. 


Arrangements may be made with a near-by farmer so that the stu- 
dents not familiar with a*manure spreader may have an opportunity 
to operate one. 


Lesson 7.—Planting Machines. 
1. Grain drills. 
2. Hand drills and seeders. 
EXERCISE 3.—Study and Use of Grain Drill. 


Students who have not used a grain drill should be favored in this 
practice to be secured on a neighboring farm if the school does not 
own one. ‘This exercise also may involve the calibration of the grain 
drill as suggested in Exercise 29, Farmers’ Bulletin 638. 

Lesson 8.—Planting Machines—Continued. 
1. Corn planters. 


2. Potato planters. 
3. Miscellaneous planting devices. 


EXERCISE 4.—Study and Use of Corn-planting Machines. 


Each student should be given an opportunity to become familiar 
with the types of corn planters most successful in the district. See 
Farmers’ Bulletin 638, Exercise 28, Corn Planter Operation. 

Lesson 9.—Hay-making Machines. 
1. Mowers. 
2. Rakes and tedders. 
3. Loading, stacking, and storing devices. 

Lesson 10.—Grain-harvesting Machines. 
1. The reaper and self-binder. 
2. The header. 
3. Corn-harvesting machines. 

Special reference.—Corn-harvesting Machinery, Farmers’ Bulletin 303. 
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Exercise 5.—Assembling Mowing Machine and Hay Rake. 

See Farmers’ Bulletin 638, Exercise 27, Assembling a Machine. 
Exercise 6.—Study of Self Binder. 
Lesson 11.—Potato and Root Diggers. 


1. Potato diggers. 
2. Root diggers. 


Lesson 12.—Thrashing Machines. 


1. The grain separator. 
2. Special thrashing machines. 
3. The cotton gin. 


Lesson 13.— Machines for Preparing Stock Food and Seeds. 


1. Feed mills, grinders and corn shellers. 
2. Ensilage and root cutters. 
3. Fanning mills. 


Hxercise 7. Study and Use of Feed and Fanning Mills. 
This exercise may be carried on most profitably on a neighboring 
farm or at a feed store. 
Lesson 14.—Farm Conveyances. 
1. Wagons and trucks. 
2. Lighter vehicles. 
Lusson 15.—Spraying Machinery. 
1. Hand sprayers. 
2. Power sprayers. 
Exercise 8.—A Study of Spraying Machinery. 
Lesson 16.—Power on the Farm. 


1. Elementary principles and definitions. 
2. Measurement of power. 
3. Transmission of power. 


Lesson 17.—Animals as a Source of Power. 


1. The horse, mule, and the ox. 
2. Use of the treadmill. 


EXERCISE 9.—Fitting Collars to Horses or Mules. 
See Farmers’ Bulletin 638, Exercise 6, Fitting Collars on Horses. 
Exercise 10.—Hitching Three or More Horses or Mules. 


See Farmers’ Bulletin 638, Exercise 7, Hitching Up One to Four 
Horses. 
Exercise 11.—Repawing Harness. 
See Farmers’ Bulletin 638, Exercise 9, Repair of Harness. 
Lesson 18.— Wind as a Source of Power. 
1. Possibilities. 
2. Windmills. 
Special reference.—Use of Windmills in Irrigation in the Semiarid West, Farmers? 
Bulletin 394. 
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Lessons 19 anp 20.—The Gasoline Engine. 


1. Construction. 
2. Types of engines. 
3. Uses. 
4. General problems of operation. 
Special reference.—The Use of Alcohol and Gasoline in Farm Engines, Farmers’ 
Bulletin 277. 


EXERCISE 12.—Study of the Gasoline Engine. 

See Farmers’ Bulletin 638, Exercise 10, Naming Parts of Gas 
Engine, and Exercise 11, Wiring Engine. 
Lesson 21.—Stationary Engines and Their Use. 


1. Selecting an engine. 

2. Arrangement of mills, etc. 
3. Connection of machines. 
4. Operation. 


EXERCISE 13.— Use of Gasoline Engine. 

-, See Farmers’ Bulletin 638, Exercise 12, Running Gas Engine, and 
Exercise 13, Troubles on Gas Engine. 

Lesson 22.—Traction Engines and Automobiles. 


1. Use of the tractor upon the farm. 
2. Types of traction engines. 
3. The automobile on the farm. 
Special references.—Farm Experience with the Tractor, Department Bulletin 174. 
An Economic Study of the Farm Tractor in the Corn Belt, Farmers’ Bulletin 719. 


EXERcIsEs 14 anp 15.—Study and Use of Automobile. 
Students who know how to operate an automobile should aid the 
instructor in teaching those not familiar with the machine. 
Lesson 23.—Care of Farm Machinery. 
1. Importance of good care. 
_ 2. Details of care. 
Lesson 24.—Repair of Farm Machinery. 


_ 1. The farm shop and its equipment. 
2. Utilization of winter season. 
3. Importance of supply of extras and repair material. 
4. Utilization of material on the farm. 
Special reference.—The Repair of Farm Equipment, Farmers’ Bulletin 347. 


Exercise 16.—Listing Repairs for Old Machinery. 


~ See Farmers’ Bulletin 638, Exercise 26, Making List of Repairs for 
Machine. 
ce FARM STRUCTURES. 
(10 lessons, 6 exercises.) 
Reference.—Farm Architecture, Farmers’ Bulletin 126. 
Lesson 1.— Use of Cement and Concrete on the Farm. 


1. For what used. 
2. Selection of materials. 
3. Mixing of materials. 
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Special references.—The following Farmers’ Bulletins: 235, Cement, Mortar, and 
Concrete; 403, The Construction of Concrete Fence Posts; 461, The Use of Concrete 
on the Farm. 


Exercise 1.—The Mixing and Use of Concrete. 
See Farmers’ Bulletin 638, Exercise 16, Concrete Posts, and Exer- 
cise 17, Feeding Floor or Sidewalk. 
Lesson 2.—Arrangement of Farm Buildings. 
iv Points to be considered. 
2. Suggestive plans. 
Lesson 3.—Building Materials. 


1. Factors affecting choice. 
2. Relation of quality to service. 
3. Care of farm buildings. 
4. Preservative measures and materials. 
Special reference.—Use of Paint on the Farm, Farmers’ Bulletin 474. 


EXERCISE 2.—Painting and Whitewashing. 
See Farmers’ Bulletin 638, Exercise 22, Painting and Whitewashing 
Lesson 4.—The Farmhouse. 


1. Selection of site. 
2. Style of architecture. 
3. General plans. 


Lesson 5.—The Farmhouse—Continued. 


1. Planning the farmhouse. 
2. Modern conveniences for the farm home. __ 
Illustrative material.—Illustrated lecture on Farm Homes, States Relations 
Service, Office of Farmers’ Institutes. 
Special references.—Modern Conveniences for the Farm Home, Farmers’ Bulletin 
270; Comforts and Conveniences in Farmers’ Home, Yearbook 1909. 


Exercise 3.—Planning Farmhouses. 
Have each student make an individual plan for a farmhouse of 
medium size. 
Lesson 6.—Barns and Stables. 
1. General barns. 
2. The granary. 
Lesson 7.—Barns and Stables—Continued. 


1. The dairy barn. 
2. Hog houses and sheep sheds. 
Special references.—Designs for Dairy Buildings, Bureau of Animal Industry Cir- 
cular 131. Hog Houses, Farmers’ Bulletin 438. 
_Exerroise 4.—Planning Barns. 
Have each student plan at least one barn. 


Lesson 8.—Poultry Houses. 


1. Types of poultry houses. 
2. Plans. 
3. Special coops. 
Special reference.—Poultry-houge Construction, Farmers’ Bulletin 574, 
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Exercise 5.— Making Hog House or Poultry House. 


This may be assigned as a group practicum as suggested in Farmers’ 
Bulletin 638, Exercise 18, Constructing an Individual Hog House, or 
it may be assigned as an individual home practicum. 


Lesson 9.—Other Buildings. 


1. Implement shed, tool house, shop. 
2. Silos. 
3. Miscellaneous. 
Special references.—The following Farmers’ Bulletins: 475, Ice Houses; 589, Home. 
made Silos. 


Lesson 10.—Farm Fences. 


1. Types of fences. 
2. Fence building. 
3. Gates. 
Special references.—The following Farmers’ Bulletins: 239, Corrosion of Fence 
Wire; 403, The Construction of Concrete Fence Posts. 


Exercise 6.—Building a Wire Fence. 
See Farmers’ Bulletin 638, Exercise 31, Building a Wire Fence. 
FARM SANITATION. 
(3 lessons. ) 


Reference.—Water Supply, Plumbing, and Sewage Disposal for Rural Homes, De- 
partment Bulletin No. 57. 


Lesson 1.—Sanitation and Farm Plans. 


1. Importance of sanitation. 
2. Relation of sanitation to drainage. 
3. Relation of farmhouses to buildings where animals are kept. 
4. Relation of mosquitoes and other insects to health. 
Illustrative material—Illustrated lecture on Flies in Relation to Rural Sanitation: 
States Relations Service. Charts showing relation of flies and mosquitoes to health 
and ather phases of sanitation. 


Lesson 2.—The Water Supply of the Farm. 


1. Importance of pure water. 
2. Securing pure water. 
3. Water under pressure in buildings. 
Illustrative material.—Illustrated lecture on Farm Water Supplies: States Rela- 
tions Service. 
Special references.—The following Farmers’ Bulletins: 73, Pure Water on the 
Farm; 262, Water for Table Use; 296, Wells and a Pure Water Supply; 309, Ice for 
Household Use. Clean Water and How to Get It on the Farm, Yearbook 1915. 


Lesson 3.—Sewage Disposal. 


1. Importance of proper disposal. 
2. Sewage systems and house equipment. 
3. Outhouses. 
Special references.—The following Farmers’ Bulletins: 463, The Sanitary Privy; 
527, Sewage Disposal for Rural Homes. Sewage Disposal on the Farm, Yearbook 1916. 
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AGRICULTURAL SURVEYING. 
(3 lessons, 6 exercises. ) 
Lesson 1.—Fundamentals of Land Measurement. 
1. Units of measurements. 
2. Use and care of instruments. 
Lesson 2.—Field Methods. 
1. Making chain survey. 
2. Leveling. 
Lesson 3.—Computing and Map Making. 
1. Making maps. 
2. Computing area. 
EXERCISE 1.—Care and Use of Chains and Tapes. 
See Agricultural Engineering, by Davidson, Chapter I. 
Exercise 2.— Making a Chain Survey. 
See above reference, Chapter IT. 
Exercise 3.— Making a Map. 
See above reference, Chapter IIT. 
ExercisE 4.— Making and Adjusting a Level. 
See above reference, Chapter VIL. 
EXERCISE 5.— Use of Homemade Level. 
See above reference, Chapter VIII. 
EXERCISE 6.— Use of Surveyor’s Level. 
See Farmers’ Bulletin 63, Exercise 33, Operation of a Level. 
FARM DRAINAGE. 
(4 lessons, 2 exercises. ) 


References.—The following department bulletins: 71, The Wet Lands of Southern 
Louisiana and Their Drainage; 190, The Drainage of Irrigated Lands; 300, Excavating 
Machinery Used in Land Drainage; 304, Land Drainage by Means of Pumps. The 
Economy of Farm Drainage, Yearbook 1915. The following Farmers’ Bulletins: | 
524, Tile Drainage on the Farm; 698, Trenching Machinery Used for the Construction - 
of Trenches for Tile Drains. 


Lesson 1.—IJmportance of Drainage. 
1. Why drainage is necessary. 
2. Relation of cost to increased value of Jand. 
3. Lands needing drainage and lands which can be drained. 
4, Kinds of drains. 
Lesson 2.—Tile Drainage. 
1. Superiority over other forms. 
2. Kinds of tile. 
3. Essentials of success in tile drains. 
4, Capacity of tile drains. 
Lesson 3.—Laying Out the Drainage System. 
1. Systems of tile drainage. 
2. Establishing grades and making maps. 
Exercise 1.— Mapping a Drainage System. 
See Farmers’ Bulletin 638, Exercise 34, Tile-ditch Profits, and 
Exercise 35, Setting Up a Gauge Line. 
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Lesson 4.—Construction of Tile Drains. 

1. Ditching methods. 

2. Laying the tile. 
Exercise 2.—Laying Tile. 

See Farmers’ Bulletin 638, Exercise 36, Digging Ditch and Laying 
Tile. 
IRRIGATION. 
(2 lessons, 1 exercise. ) 

References.—Irrigation in Humid Climate, Farmers’ Bulletin 46. Possibilities 
and Needeof Supplemental Irrigation in the Humid Regions, Yearbook Separate 570. 
Lxsson 1.—Relation of Irrigation to Agriculture. 

1. History of irrigation. 

2. Present status ofirrigation farming. 

3. Supplemental irrigation in humid regions. 
Lesson 2.—Practical Irrigation. 

1. Laying out the ditches. 

2. Use of water in irrigation. 

Special references.—The following Farmers’ Bulletins: 138, Irrigation in Field and 
Garden; 158, How to Build Small Irrigation Ditches; 263, Practical Information for 
Beginners in Irrigation. 

ExeErcisE.—Preparing Garden for Irrigation. 
See Farmers’ Bulletin 638, Exercises 38, 39, and 40, Irrigation. 
TERRACING. 
(2 lessons, 1 exercise.) 

Reference.—The Mangum Terrace in Its Relation to Efficient Farm Management, 
Bureau of Plant Industry Circular 94. 

Lesson 1.—Purposes of Terracing. 


1. Gullying and other forms of erosion. 
2. Contours and terraces in ornamental planting and orchards. 
3. Types of terraces. 


Lesson 2.—Construction of Terraces. 


1. Laying out contour lines. 
2. Use of the A frame and other forms of levels. 
3. Making the terrace. 


ExeErcise.— Construction and Use of Terrace Level. 


See Farmers’ Bulletin 638, Exercise 37, Laying Out and Building a 

Terrace. 
ROADS. 
(3 lessons, 2 exercises.) 

References.—The following Farmers’ Bulletins: 311, Sand-clay and Burnt-clay 
Roads; 321, The Use of the Split-log Drag on Earth Roads; 338, Macadam Roads; 
505, Benefits of Improved Roads; 597, The Road Drag and How It Is Used. 
Lesson 1.—Importance of Good Roads. 

1. Relation of farming to roads. 
2. Financial benefit. 
3. Social benefits. 
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Lesson 2.—EKarth Roads. 
1. Construction of earth roads. 
2. Maintenance of earth roads. 
3. Use of drag. 

Lesson 3.—I/mproved Roads. 
1. Use of gravel. 
2. Sand clay and burnt clay. 
3. Macadam roads. 
4, Top soiling. 

EXERCISE 1.—Survey of District Roads and Their Need of Improve- 
ment. 

An effort should be made to arouse and maintain community 
interest in good roads. The students should aid the teacher in 
making a road survey of the district and in working out a map 
showing the condition of the roads and bridges. 

Exercise 2.— Making and Use of a Drag. 
See Farmers’ Bulletin 638, Exercises 41 and 42, Roads. 


ROPE WORK. 


(1 lesson, 2 exercises.) 


Lesson 4.—Knots and Splices. 
1. Material. 
2. Operations. 
EXERCISES 1 AND 2.—Rope Work. Knots and Splices. 
See Farmers’ Bulletin 638, Exercises 1, 2, and 3, Rope Work. 


SUGGESTIONS FOR PRACTICAL WORK IN RURAL ENGINEERING. 
CORRELATIONS. 


1. The practical work should be correlated with the work in 
Mechanic Arts if such a course is given. 

2. If a special course in mechanical drawing is not given, it will 
be well to give a number of lessons in the subject as preparation for 
the planning of farm buildings and the making of maps. 

3. Much of the work may be correlated with mathematics and 
physics. 

EQUIPMENT. 

A well-equipped shop, either in connection with the school farm 
or the work in mechanic arts, will be very useful. Likewise, the 
equipment of the farm in implements and machinery will be used 
to good advantage. Where no special equipment is provided, the 
class should take advantage of the,farms of the students, near-by 
farms, and implement houses. It will be especially important to 
take advantage of such operation as construction of roads and 
buildings, thrashing, drainage, or any work connected with the course 
which may be going on in the vicinity of the school. 
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COMMUNITY WORK. 


Surveys of the community with regard to its use and care of 
machinery, its sanitary conditions and needs, its roads, water supply, 
drainage, and irrigation needs, will be of great benefit to the teacher 
and the class as well as to the community. 


PROJECTS. 


Wherever it is possible to carry on any extensive practice in con- 
nection with the course, either by the class as a whole or by individual 
students, extra credit should be given for the work. Any of the lines 
of work suggested below may be either group projects carried on by 
the class or a number of the students at the school, or upon neighbor- 
ing farms or individual projects conducted upon the home farm: 

Construction of farm buildings. 

Construction of walks, feeding floors, ete., of concrete. 

Installation of heating, ighting, plumbing, and sewer systems. 

Clearing and leveling land. 

Laying out irigation and drainage system. 

Terracing. 

Road making. 

Installing engine and connecting with farm machinery. 


TEXTS AND REFERENCES FOR RURAL ENGINEERING.! 


Benton, M. G. Shop Projects Based on Community Problems. Muncie, Ind.: 
Vocational Supply Co., 1915. 

Blackburn, S. A. Problems in Farm Woodwork. Peoria, Ill.: The Manual Arts 
Press, 1915. 

Bryce, J. M., and Mayne, D. D. Farm Shopwork. New York: The American 
Book Co., 1915. 

Campbell, H. ©. Concrete on the Farm and in the Shop. New York: The 
Norman W. Henley Co., 1916. 

Clarkson, R. P. Practical Talks on Farm Engineering. New York: Doubleday, 
Page & Co., 1915. 

Davidson, J. B. Agricultural Engineering. St. Paul, Minn.: Webb Publishing 
€o. 1913.” 

. Davidson, J. B., and Chase, L. W. Farm Machinery’ and Farm Motors. New 
York: Orange Judd Co., 1908. 

Exblaw, K. J.T. Farm Structures. New York: The Macmillan Co., 1914. 

French, T. E., and Ives, F. W. Agricultural Drawing and the Design of Farm 
Structures. New York: The McGraw Hill Book Co., 1915.. 

Fuller, M. L. Domestic Water Supply for the Farm. New York: John Wiley 
& Sons Co., 1912. 

Koester, Frank. Electricity for the Farm and Home. New York: Sturgis & 
Walton Co., 1913. 

Roehl, L. M. Agricultural Woodworking. Milwaukee, Wis.: The Bruce Publish- 
ing Co., 1916. 

Verrill, A. H. Knots, Splices, and Rope Work. New York: The Norman W. 
Henley Co., 1916. 


a 


1 These books are recommended by the Commission on Accredited Schools of the Southern States. 
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OUTLINE FOR RURAL ECONOMICS AND FARM MANAGEMENT—FOURTH 
YEAR. 


(One-half unit, 52 lessons, 36 exercises.) 


General references.—A Method of Analyzing the Farm Business, Farmers’ Bulletin 
661. The following bulletins of the Bureau of Plant Industry: 236, Farm Manage- 
ment; 259, What is Farm Management? Some Outstanding Factors in Profitable 
Farming. A Graphic Summary of American Agriculture, Yearbook 1915. 

Lesson 1.—Jntroduction. 
1. Definitions. 
2. Relations of agriculture to other industries. 
Lesson 2.—Historical Sketch. 
1. The beginnings of agriculture. 
2. Development of modern agriculture. 
Lesson 3.—Farming as a Means of Making a Living. 
1. Comparison with other occupations. 
2. Opportunities in agriculture. 
Lesson 4.— Farming as a Mode of Life. 


1. Living in the country. 
2. The farm as a home. 


Lesson 5.—Problems of Rural Social Life. 


1. Country life v. city life. 
2. Factors for social betterment. 
3. Personal obligations. 

Special references.—Articles in the following Yearbooks: 1914, Organization of a 
Rural Community; 1915, How the Department of Agriculture Promotes Organiza- 
tion in Rural Life. 

Lesson 6.—(City-bred v. Country-bred Farmers. 


1. Advantages of country training. 
2. Advantages of city training. 
3. The back-to-the-land movement. 

Special reference.—Movement of City and Town to Farms, Yearbook 1914. 
Lesson 7.— Farming as a Business. 

1. Comparison with other business. 
2. Business principles to be applied. 
Exercise 1.—A Suggested Debate. 

Time equal to one laboratory period (a double period) may be 
spent profitably in a debate involving the question of the relative 
opportunities for young men in the country and in the city. It 
will be best to apply the question to the opportunities in the district 
where the school is located as compared with a neighboring town 
with which the students are familiar. 


Lesson 8.—The Distribution of Wealth. 


1. Economic principles involved. 
2. Relation to use of land. 
3. Relation to labor. 
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Lesson 9.—Capital. 


1. Relation to type of farming. 
2. Farming with small capital. 


Lesson 10.—Rural Credits. 
1. The farmer and the banker. 
2. Necessity of good credit. 
3. Farm credit systems. 
_ A. The amortization plan. 
ExErcisE 2.—A Suggested Debate. 
Another debate may be introduced at this time to arouse inter- 
est in the Federal farm loan act and its application to local condi- 
tions. Such a question as “Resolved: That this community (the 


school district) should organize a local farm-loan association,’ may 


fit certain conditions and furnish an excellent means of getting the 
students to make a survey of local conditions as well as to get a bet- 
ter idea of what the Federal Government has done for the farmer. 

Reference material, in addition to that given, may be secured 
from the Federal Farm Loan Board, Washington, D.C. 

Special references.—The following Farmers’ Bulletins: 593, How to Use Farm 
Credit; 654, How Farmers May Improve Their Personal Credit; 792, How the Federal 
Farm Loan Act Benefits the Farmer. 


Lesson 11.—Land Tenure. 
1. Ownership v. rental. 
2. Methods of rental. 
3. The problem of tenant farming. 

Special references.—The following Farmers’ Bulletins: 280, A Profitable Tenant 
Dairy Farm; 437, A System of Tenant Farming and Its Results. The following 
Department Bulletins: 337, A Study of the Tenant Systems of Farming in the Yazoo 
and Mississippi Delta; 411, Systems of Renting Truck Farms in Southwestern New 
Jersey. Causes Affecting Farm Values, Yearbook 1905. 


Lesson 12.—Acquiring Land. 
1. American v. European systems. 
2. Opportunities for young men. 
3. Methods of acquiring land. 


Lesson 13.—Systems of Operation. 
1. Syndicate farming v. private ownership. 
2. Maintaining fertility v. spoliation. 
Lesson 14.—Types of Farming. 
1. Factors which determine type. 
2. A comparison of types. 
Special reference.—Types of Farming, Yearbook 1908. 


Lesson 15.—General v. Special Farms. 
1. Advantages and disadvantages of general farming. 
2. Advantages and disadvantages of special farming. 
3. Factors which determine a choice. 
4. Present need for diversification in the South. 
Special reference.—Diversified Farming Under Plantation System, Farmers’ Bulle- 
tin 299. 
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Lesson 16.—E tensive v. Intense Farming. 


1. Advantages and disadvantages of extensive farming. 
2. Advantages and disadvantages of intensive farming. 
3. Faetors which determine a choice. 

Special references.—Articles in the following Yearbooks: 1902, Systems of Farm 
Management in the United States; 1905, Diversified Farming in the Cotton Belt; 
1908, Causes of Southern Rural Conditions and Small Farm as Important Remedy. 
The following Farmers’ Bulletins: 472, Systems of Farming in Central New Jersey; 
519, Example of Intensive Farming in the Cotton Belt. 


Lesson 17.—A Study of Successful Farms—Local. 
1. The farm and what has been accomplished. 
2. Factors which have meant success. 
3. A local survey. 

Exercises 3-6.—Local Farm Surveys. 

Time equal to four double periods should be spent by the students 
in making an analysis of the home farm business under the direction 
of the teacher. Directions for this work and suitable forms will be 
found in Farmers’ Bulletin 661, An Analysis of the Farm Business. 
The teacher may use some of the students in helping him make a 
general survey of the farms of the community. The results of such 
a survey will prove invaluable in adapting this course to the needs 
of the community. 


Lesson 18.—A Study of Successful Farms—General. 


1. The farm and what has been accomplished. 
2. Factors which have meant success. 
3. General farm surveys. 

Special references.—A Model Farm, Yearbook 1903. A Successful Dairy Farm, 
Bureau of Plant Industry Bulletin 102, part 2. The following Farmers’ Bulletins: 
242, An Example of Model Farming; 272, A Successful Hog and Seed-corn Farm; 
280, A Profitable Tenant Dairy Farm; 310, A Successful Alabama Diversification 
Farm; 312, A Successful Southern Hay Farm; 355, A Successful Poultry and Dairy 
Farm; 264, A Profitable Cotton Farm. The following Department Bulletins: 32, An 
Example of Successful Farm Management in Southern New York; 41, A Farm- 
management Survey of Three Representative Areas in Indiana, Illinois, and Iowa; 
341, Farm-management. Practice of Chester County, Pa.; 492, An Economic Study 
of Farming in Sumter County, Ga. 


Problems.—It will be profitable to have the students work out 
problems in connection with many of the lessons to follow. Those 
given in Farm Management, by Boss, should be suggestive of others 
having local application. 


Lesson 19.—Farm Equipment. 


1. Relation of machinery to size of farm and type of farming. 
2. First costs and depreciation. 
3. Maintenance of equipment. 
Special references.—Minor Articles of Farm Equipment, Bureau of Plant Industry 
Circular 44. A Study of Farm Equipment in Ohio, Bureau of eure Industry Bulle- 
tin 212. 
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Lesson 20.—Buying Farm Equipment. 


1. Local dealers v. mail-order houses. 
2. Cash payment v. credit. 
3. Cooperation in buying. 


Lesson 21.—Jncreasing Production. 


1. Relation of acre yield to profit. 
2. Relation of production to prices. 
3. Factors in crop increase. 


Lesson 22.— Maintenance of Fertility. 


1. Obligations to coming generation. 
2. Ways of increasing productivity. 
3. Relation to farm management. 
4. Restoring lost fertility. 
5. Preventing erosion. 
Special references.—The Mangum Terrace in Its Relation to Efficient Farm Man- 

agement, Bureau of Plant Industry Circular 94. Also, the following Farmers’ Bulle- 
tins: 257, Soil Fertility; 326, Building up a Run-down Cotton Plan.ation. 


Lesson 23.—Live Stock and Soil Fertility. 


1. Animal products v. plant products in relation to plant food. 
2. Value of barnyard manure. 
3. Care and use of barnyard manure. 

Special references.—The Function of Live Stock in Agriculture, Yearbook 1916. 
The following Farmers’ Bulletins: 192, Barnyard Manure; 614, A Corn-belt Farm- 
ing System Which Saves Harvest Labor by Hogging Down Crops; 704, Grain Farm- 
ing in the Corn Belt with Live Stock as a Side Line. 


Lesson 24.—Economics of Anvmal Production. 


1. Live stock as a means of marketing low-priced crops. 

2. Live stock and cheap labor. 

3. Relation of live stock to type of farming and size of farm. 
Special reference.—Cropping Systems for Stock Farms, Yearbook 1907. 


Lesson 25.—Some Live-Stock Problems. 


1. Pure-bred v. grade stock. 
2. Breeding animals v. market stock. 
3. Depreciation and increase in value of stock. 
Special references.—The following department Bulletins: 49, The Cost of Raising 
a Dairy Cow; 413, Influence of Age on the Value of Dairy Cows and Farm Work 
Horses. 
Lesson 26.—Rotation of Crops. 
1. Benefits of crop rotation. 
2. Essentials of a good system. 
Lesson 27.—Rotation of Crops—Continued. 
1. Classification of crops. 
2. General rotations. 
Lesson 28.—Rotation of Crops—Continued. 
1. Rotations for the cotton belt. 
2. Rotations for special farms. 
Special references.—Suggested Cropping System for the Black Lands of Texas, 
Bureau of Plant Industry Circular 84. Planning Cropping Systems, Bureau of 
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Plant Industry Bulletin 102, Part 3. Articles in the following Yearbooks: 
1905, Diversified Farming in the Cotton Belt; 1907, Cropping Systems for Stock 
Farms; 1911, Rotations in the Corn Belt. Diversified Farming under the Plantation 
System, Farmers’ Bulletin 299. 
Lesson 29.—Planning the Farm and Farmstead. 

1. Need of careful planning. 

2. Size of farms. 

3. Eliminating waste land. 

Special reference.—Waste Land and Wasted Land on Farms, Farmers’ Bulletin 745. 

Lesson 30.—Planning the Farm and Farmstead—Continued. 
1. Size and shape of fields. 
2. Relation of field to farmstead. 

Lesson 31.—Planning the Farm and Farmstead—Continued. 
1. Relation of farms to highways. 
2. Laying out the farm. 

Special reference.—A Model Farm, ‘Yearbook, 1903. 

Lesson 32.—Planning the Farm and Farmstead—Continued. 
1. The farm house. 
2. Other farm buildings. 
3. Arrangement of buildings. 

Exercises 7-10.—Drafting Farm Plans. 

Four double periods should be spent in drafting and in a critical 
examination of farm plans by the students. Such plans should 
include the home farms of the students and ideal plans of such types 
of farms as the individual students have a special interest in. The 
plans should be drawn to scale and traced with ink. Such a grade 
of work should be required that the students will desire to keep the 
plans. 

Lesson 33.—Replanning Problems. 
1. A study of replanned farms. ~ 

Lesson 34.—Replanning Problems—Continued. 
1. Replanning the farmstead. 
2. Remodeling of buildings. 

Lesson 35.—Replanning Problems—Continued. 
1. Rearrangement of local farms. 
2. Rearrangement of local farmsteads. 

. Exercises 11-14.—Replanning Problems. 

After the students have had general practice in making farm plans 
four double periods may be spent profitably in replanning farms and 
farmsteads of the community. 

Special reference.—Replanning a Farm for Profit, Farmers’ Bulletin 370. 


Lesson 36.—Farm Labor. 


1. Why there is a labor problem. 
2. Kinds of farm labor. 
3. The tenant problems, 
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Lesson 37.—Management of Farm Labor. 


1. A day’s work for one man. 
2. Efficiency in management. 
3. Seasonal distribution. 

Special references ——The following depanerer bulletins: 3, Normal Day’s Work 
for Various Farm Operations; 412, The Normal Day’s Work of Farm Implements, 
Workmen, and Crews in Western New York. Articles in the following Yearbooks: 
1910, Supply and Wages of Farm Labor; 1911, Seasonal Distribution of Labor on 
the Farm. 


Exercises 15 AND 16.—Planning Work Schedules. 


After the work with farm plans two double periods should be taken 
in planning work schedules for the home farms of the students and 
other farms which they have planned and in which they have an - 
interest. : 
Lesson 38.—Factors of Agricultural Production. 

1. Land. 
2. Capital goods. 
3. Population. 
Lesson 39.—Cost of Production. 
1. Necessity of knowing costs. 


2. Factors which determine cost. 
3. Interest on permanent investment and depreciation. 


Exercises 17—20.— Cost of Production. 


Time equal to four double periods should be spent in working out 
costs of production on local farms. Records kept in connection 
with home projects and club work may form the basis of this work. 


Special reference——Farm Records and Accounts—Suggestions for Teaching the 
Subject in Secondary Schools, States Relations Service Document 38. 


Lesson 40.—Cost of Production—Continued. 


1. Cost of man labor and horse labor. 

2. Cost of live-stock production. 

3. Contribution of farm to farmer’s living. 
4. Wastes of the farm. 

Special references.—The following Farmers’ Bulletins: 635, What the Farm Con- 
tributes Directly to the Farmer’s Living; 746, The Farmer’s Income. The following 
bulletins of the Bureau of Statistics, United States Department of Agriculture: 16, 
Cost of Cotton Production; 48, Cost of Producing Minnesota Farm Products; 73, Cost 
of Producing Farm Products; 88, Cost of Producing Minnesota Dairy Products. The 
following Department Bulletins: 29, Crew Work Costs and Returns in Commercial 
Orcharding in West Virginia; 49, The Cost of Raising a Dairy Cow; 130, Operating 
Cost of a Well-established New iver Apple Orchard; 321, Cost of Pancine Farms 
in North Central States; 338, Machinery. Cost of Farm daaaiions in Western New 
York; 410, Value to Farm Families of Food, Fuel, and Use of Home;.446, Cost of 
Producing Apples in Wenatchee Valley, Wash. 


ExeErcisEs 21—-26.— Farm Bookkeeping. 


In connection with the general lessons in farm accounts time equal 
to six double periods should be given to practice in the application 
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of the general principles of bookkeeping to farm accounts. Stress 
should be placed upon forming habits of neatness and accuracy. 


Lesson 41.—Farm Records and Accounts. 
1. Necessity of farm records and accounts. 
2. Essentials of a farm-account system. 
Special references.—The following Farmers’ Bulletins: 511, Farm Bookkeeping; 
572, A System of Farm Cost Accounting; 661, An Analysis of the Farm Business; 
782, The Use of a Dairy for Farm Accounts. 


Lesson 42.—Farm Records and Accounts—Continued. 
1. Kinds of accounts. 
2. Personal accounts. 

EXERCISES 27-32.—Home Farm Records. 

Time equal to six double periods should be spent in applying the 
principles of farm bookkeeping to home records and accounts. The 
needs brought out in an analysis of the farm business should form a 
basis for this work. 


Lesson 43.—Farm Records and Accounts—Continued. 
1. General accounts. 
2. The farm inventory. 


EXERCISES 33 AND 34.—Farm Inventories. 


In connection with the farm accounting two double periods should 
be spent in taking inventories on the home farm or representative 
farms in the school district. : 


Lesson 44.—Farm Records and Accounts—Continued. 
1. Receipts and expenses. 
2. Miscellaneous accounts. 


Lesson 45.—Farm Records and Accounts—Continued. 
1. Field accounts. 
2. Labor accounts. 


Lesson 46.—Farm Records and Accounts—Continued. 
1. Animal-husbandry accounts. 
2. Animal-husbandry records. 
3. Animal-breeding records. 


Lesson 47.— Marketing Farm Products. 
1. Selling at harvest time. 
2. Storing for higher prices. 
Special references —The following Farmers’ Bulletins: 764, Cotton Ginning Infor- 
mation for Farmers; 775, Losses From Selling Cotton in the Seed. Disadvantages 
of Selling Cotton in the Seed, department bulletin 375. 


Lesson 48.— Marketing Farm Products—Continued. 
1. Wholesale v. retail. 
2. Selling on commission. 
3. Advertising. 
4. Using the parcel post. 

Special references.—The following department bulletins: 266, Outlets and Methods 
of Sale for Shippers of Fruits and Vegetables; 267, Methods of Wholesale Distribution 
of Fruits and Vegetables on Large Markets; 315, Cantaloup Marketing in the Larger 
Cities, With Car-lot Supply, 1914; 331, The Handling and Shipping of Fresh Cherries 
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and Prunes from the Willamette Valley. Articles in the following Yearbooks: 1904, 
Consumers’ Fancies; 1911, Handling and Marketing Eggs; 1912, Improved Methods 
of Handling and Marketing Cotton. Economics of Crop Disposal, Bureau of Plant 
Industry Bulletin 118. The following Farmers’ Bulletins: 62, Mareetne Farm Pro- 
duce; 703, Suggestions for Parcel-post Marketing. 

Lesson 49.—Cooperation in Agriculture. 


1. Need of cooperation. 
2. Methods of cooperation. 
3. What has been accomplished. 

Special references.—Cooperative Organization Business Methods. Department 
bulletin 178. Articles in the following Yearbooks: 1910, Cooperation in Handling 
and Marketing Fruits; 1913, Organization of Rural Interests; 1914, Cooperative 
Marketing and Financing of Marketing Associations; 1914, How the Department of 
Agriculture Promotes Organization in Rural Life; 1915, The Cooperative Purchase of 
Farm Supplies. Cooperative Live-stock Shipping Associations, Farmers’ Bulletin 718. 
Lesson 50.—Choosing a Region. 


1. Consideration of climate, SOL etc. 
2. Type of farnring?? 
Special reference.—Opportunities in Agriculture, Yearbook 1904 


Lesson 51.—Choosing a Farm. 

1. Importance of careful consideration. 

2. Characteristics of community. 
Lesson 52.—Choosing a Farm—Continued. 

1. Characteristics of the farm. 

2. Fitting a farm to personal ideals and circumstances. 
EXERCISES 35 AND 36.—Scoring Farms. 

Two double periods should be spent in scoring farms in the com- 
munity and determining their value. Preference should be given 
farms for sale. — 

Special references.—How to Choose a Farm, by Hunt, and Farm Management, by 
Boss, have suggestive score cards. 


HOME PROJECTS IN RURAL ECONOMICS AND FARM MANAGEMENT. 


No definite time and credit for home projects is suggested for this 
course, as a half year is a limited time in which to cover the subject, 
and the home work in farm management is such that time and credit 
must be adjusted to fit individual students. Effort should be made, 
however, to link practical work in farm management at home with 
the work of the school and to encourage such work by giving extra 
credit. 

Work in connection with the keeping of farm records and accounts 
and the making of community surveys may be made extensive enough 
to consider a project which would be worthy of extra credit. Wher- 
ever students have the general management of a farm or any exten- 
sive phase of the farm work, an effort should be made to connect this 
work in such a way with the course in farm management that it will 
be worthy of school credit. Such work should offer an excellent 
opportunity to apply the principles brought out in the classroom. 
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TEXTS AND REFERENCES FOR RURAL ECONOMICS AND FARM MAN- 
AGEMENT.! 


Bexell, J. A., and Nichols, F.G. Farm Accounts and Principles of Bookkeeping. 
New York: The American Book Co., 1913. 

Boss, Andrew. Farm Management. Chicago: Lyons & Carnahan Co., 1914. 

Boss, Andrew, and Peck, F. W. Farm Records and Accounts. St. Paul, Minn.: 
Webb Publishing Co., 1914. 

Carver, T. N. Principles of Rural Economics. Boston: Ginn & Co., 1911. 

Carver, T. N. Selected Readings in Rural Economics. Boston: Ginn & Co., 1916. 

Coulter, J. L. Cooperation Among Farmers. New York: Sturgis Walton Co., 1911. 

Hunt, T. F. How to Choosea Farm. New York: The Macmillan Co., 1911, 2. ed. 

Nourse, E.G. Agricultural Economics. Chicago: University of Chicago Press, 1916. 

Orwin, C. 8. Farm Accounts. Cambridge, Mass.: University Press, 1914. 

Powell, G. H. Cooperation in Agriculture. New York: The Macmillan Co., 1913. 

Sanford, A. H. The Story of Agriculture in the United States. Boston: D. C. 
Heath & Co., 1916. 

Steiner, H. L. How to Keep Farm Accounts. Toledo, Ohio: Author, 1912. 

Taylor, H. C. An Introduction to the Study of Agricultural Economics. New 
York: The Macmillan Co., 1914. 

Vye, J: A. Farm Accounts. St. Anthony Park, Minn.: Author, 1906. 

Warren, G. F. Farm Management. New York: The Macmillan Co., 1913. 

Warren, G. F., and Livermore, K. C. Laboratory Exercises in Farm Management. 
New York: The Macmillan Co., 1913. 

Weld, L. D. H. The Marketing of Farm Products. New York: The Macmillan 
Co., 1916. 


1 These books are recommended by the Commission on Accredited Schools of the Southern States. 
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Many rural districts of the United States are not awake to the 
opportunities connected with sheep husbandry. In sections where 
sheep form an important part of the farm live stock the possibilities 
of keeping the boy on the farm are increased by allowing him the 
care of a few sheep on his own account. Much can be done toward 
arousing an interest among the farmers of the community and an 
enthusiasm on the part of the young people: by teaching the subject 
properly in the schools. Lessons on types and breeds of sheep fur- 
nish a suitable introduction to a study of wool and mutton produc- 
tion. If, in these lessons, an abundance of illustrative material is 
used, and they are accompanied by practice in judging, interest will 
be aroused in the lessons to follow. Students who may have little 
interest in ordinary sheep often become enthusiastic when made 
acquainted with the results and possibilities of good breeding. Al- 
though it will not be possible in the time available in a secondary 
course to train expert judges, a good start may be made if the work 
is directed right. The instructor should aim to fix proper ideals in 
the minds of the students, to develop their powers of observation, 
and to arouse such interest that the students will continue the work 
of their own accord. 


1 Prepared under the direction of C. H. Lane, Chief Specialist in Agricultura! Educa- 
tion, with the aid of the Bureau of Animal Industry. 
Norte.—This bulletin is intended for the use of teachers of secondary agriculture. 
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Use of illustrative material—Before students begin practice in 
judging an effort should be made to fix in their minds an ideal of 
the type (fig. 1) or breed which is being considered. Nothing else 
in this work has value equal to living specimens which approach 
perfection. The teacher should make a survey of the farms sur- 
rounding his school to learn where the best animals are kept. In 
visiting these farms the class may study methods of breeding and 


e 


Fic. 1.—A good mutton type. 


management as well as breeds. In some cases it may be most con- 
venient to have the animals brought to the school. It will not be 
possible to study living specimens of all the breeds, neither will it 
always be convenient to have lessons with the animals present. For- 
tunately there are many pictures of prize-winning sheep which the 
teacher may use. If files are not kept of the leading live-stock jour- 
nals, clippings should be made of all good pictures and these prints 
mounted upon cards for classroom use, Such pictures as those shown 
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in figures 2, 3, and 4 may be enlarged as charts* or copied upon the 
blackboard. A projection lantern with an opaque attachment will 
enable the teacher to project mounted pictures as well as lantern 


Fig. 2.—Chart for teaching cuts of mutton. 


slides upon the screen. A good set of lantern slides is almost in- 
dispensable in connection with any study of types and breeds of 
live stock.? 


TOP GF 
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Fic. 3.—Chart for teaching names of parts of a sheep. 


Wherever any extensive study is made of wool, a permanent ex- 
hibit showing classes and grades of wool will be found very helpful. 


1 Good charts of such pictures may be obtained by tracing the outlines upon ordinary 
tracing cloth, mounting upon glass as a lantern Slide, projecting with the stereopticon, 
and tracing upon cloth or paper. -Light-colored window shades are suitable for this pur- 
pose. 

2 Lantern slides illustrating types and breeds of sheep may be obtained from the Division 
of Agricultural Instruction of the States Relations Service, A, list of these and other 
slides will be mailed upon request, 
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A study of types and. breeds.—Practice in judging should be ac- 
companied by a study of the types and breeds of sheep which are im- 
portant in the United States. Emphasis should be placed upon type 
and breeds of local importance. There are a great many classifica- 
tions for the breeds of sheep, but the breeds common in America may | 
be conveniently grouped on a basis of the kind of wool they produce, 
as follows (figs. 5, 6, and 7) : 


CAAA SUGARS NY 
fe CDi uae est 2 


Wie. 4.—Chart for teaching relation of body outline to skeleton parts: 1, upper jaw; 2, 
lower jaw; 3, parietal; 4, frontal ridge; 5, horn cores; 6, frontal; 7, lachrymal; 8, 
malar; 9, temporal; 10, nasal; 11, maxillary ; 12, upper molars; 13, premaxillary ; 14, 
frontal spine ; 15, eye socket ; 16, lower molars; 17, incisors ; 18—24, cervical vertebrae ; 
18, atlas; 19, axis ; 25-37, dorsal vertebrae ; 38, sternum ; 39—45, lumbar vertebrae; 46, 
sacrum ; 47-58, caudal vertebrae ; 59, ilium; 60, ischium; 61, pubis; 62, hip joint; 63, 
scapula ; 64, shoulder joint ; 65, humerus; 66, ulna; 67, radius ; 68, elbow joint ; 69-75, 
carpal bones; 76, metacarpal; 77, sesamoid; 78, pastern; 79, coronary; 80, coffin 
bones; 81, sesamoid; 82, femur; 83, patella; 84, tibia; 85, knee joint; 86, hock joint ; 
87-91, tarsal bones. 


CLASSIFICATION OF THE BREEDS OF SHEEP. 

Fine wool: 

American Merino. 
Delaine Merino. 
Rambouillet. 

Medium (or middle) wool: 
Southdown. 
Shropshire. 
Hampshire. 

Oxford. 
Dorset Horn 
Suffolk. 
Cheviot. 


1 Farmers’ Bulletin 576, Breeds of Sheep for the Farm, should be used in connection 
with this study. 
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Fic. 5.—A fine wool sheep—Rambouillet. 


Fig, 6.—A medium wool sheep—Shropshire, 
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Coarse (or long) wool: 

Cotswold. 

Lincoln. 

Leicester. 

Kent, or Romney Marsh. 
The first group sometimes is classed as “wool” sheep and the other 
_two groups as “mutton” sheep. 

Although the students should learn to recognize most. of the breeds . 

named above, a detailed study, with practice in judging, should be 
made of but one or two of the important breeds in the school district. 


Wig. 7.—A long wool sheep—Cotswold. 


In sections where one class of sheep is raised almost exclusively, com- 
paratively little time should be given the other classes. © 

Market classes and grades——In teaching stock judging, confining 
the study to pure-bred animals may furnish a good foundation for the 
training of a show-ring judge but will not give the training needed 
by many farmers. In the Corn Belt and other territory adjacent 
to large markets, where feeder sheep are purchased and fattened, 
it is especially important for the farmer to know the classifications and 
demands of the market buyers. If the sheep business of the school 
district is confined largely to the fattening of sheep purchased, in- 
stead of sheep reared on the home farm, then a consideration of 
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market grades and classes should be given first place. In connection 
with this study a visit to a packing house and its stockyards may 
be made very profitable if it can be arranged. At such a place there 
is usually an opportunity to study the methods used in handling the 
sheep as they arrive, as well as their conversion into mutton ready 
for the dealer. 

If it is not convenient to visit a packing house it may be possible 
to visit a local meat dealer and there make a study of wholesale and 
retail cuts of mutton or to visit a farm where sheep and swine are 
killed for meat. It will be profitable to compare the hog carcass 
with the mutton carcass to note the difference in the depth of fat 
covering the body skeleton. Even the comparison of a pork chop 
with a mutton chop at the school will be worth while in illustrating 
such a fact. 

The classification shown on page 8 is from University of Illinois 
Agricultural Experiment Station Bulletin 129, Market Classes and 
Grades of Sheep. 

Relation of type to efficiency——tIn connection with a visit to a 

packing house or a dealer to afford the students an opportunity 
_to make a comparative study of sheep carcasses, the sheep should 
be considered in the classroom as a meat-producing machine and the 
relation of type to efficiency brought out. It is well to consider the 
sheep from the standpoint of the packer, as it is the buyer who ulti- 
mately will determine its value. Charts, such as figure 2, should be 
used to show the wholesale and retail cuts of meat, with relative 
prices marked off on an outline of a sheep. Quality of meat, smooth- 
ness in dressing, relative size, and age in connection with the season 
are factors considered by packers in determining the price to be paid 
per pound. In considering the sheep from the feeder’s point of 
view, emphasis should be given such points as capacity for feed, 
efficiency in its use, strength, and vigor. 

The sheep should be considered also as a wool-producing animal 
and the amount and quality of the wool given attention. Though 
a technical study of wool has not been considered generally a phase 
of agriculture, yet, now that the importance of wool production is 
increasing, the farmer engaged in the industry should know more 
about his product. 

The class should give most emphasis to the sheep‘ from the breeder’s 
point of view. The breeder should pay attention to all the points im- 
portant to the buyer and the feeder and at the same time consider 
such points as fecundity, strength of constitution, and prepotency. 
The last-named quality will involve a study of records and pedigrees 
of breeding animals. Such a study fits more logically with a study 
of breeding. In taking up sheep as a home project, every encourage- 
ment should be given students to get hold of registered animals of 
good breeding. 
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Outline of market classes and grades of sheep. 


Classes. ' Subclasses. 


| Yearlings. 


‘Mutton sheep. (Native and western sheep. ) 


Lambs. | 


Yearlings, 
Feeder sheep. (Western sheep. ) 


Wethers. 


Hiwes. 


Hiwes. 


Breeding sheep. (Native and western sheep. 
cS 
Miscellaneous : 

Hothouse lambs. 

Export sheep. 

Throw-outs. 

Dead sheep. 

Goats. 


Lambs. 


; i 


Wethers. 
Hiwes. 
Bucks and sas en 


Grades. 


Prime. 
Choice. - 
Good. 


Medium. 
Common or culls. 


Choice. 
Good. 


Prime. 

Choice. 

Good. 
Common. 


Prime. 
Choice. 
tood. 


Medium. 
Jommon or culls. 


Choice. 


Common. 


Fancy selected. 
Choice. 
Good. 
Medium. 
Common. 
Choice. 
st. 

Common. 
Choice. 
| Good. 

Medium. 
\aeateet 
‘Choice. 

Good. 
Medium. 
{Common. 

Fancy selected. 
tek 

Good. | 

Sommon. 
(Not graded. ) 
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The score card—bBetore the score card is taken up the teacher 
should be sure that every student knows the terms used in judging 
and the names of the parts of a sheep. A diagram of a sheep may 
be placed on the blackboard with the names of parts omitted and 
the students required to supply them. In considering the score card 
in the classroom, the students should understand that it is a brief 


detailed description of a perfect animal designed to aid them in 


establishing an ideal in their minds. There are two classes of score 
cards: (1) Those for classes or types, such as mutton sheep, fine-wool 
sheep, etc.; and (2) breed score cards, which usually are supplied as 
standards of perfection by the various breed associations. It should 
be borne in mind that all score cards are arbitrary in their assign- 
ment of values. As there will always be a difference of opinion 
upon relative values of points and upon forms of grouping, varia- 
tion in score cards is likely to continue. A use of the score card 
should aid the students in making a systematic examination of the 
animal, giving attention to details, and should give them a sense of 
relative values in judging. Many of the State colleges and depart- 
ments of agriculture furnish cards for use in school work. The 
following score card is from the Agricultural Experiment Station of 


Purdue University: 
Score card. 
MUTTON SHEEP—FAT. 


Stand- |Student’s} Corrected 


Scale of points. ard. score. score. 


General appearance—38 per cent: 
Den Weigtt score according’ tage... 5. .-2--22225-.22-sseececec-t ee 
3. Form, jong, level, deep, broad, low set, stylish J 
4, Qualit y, clean bone; silky hair: fine, pink skin; light in ofial, yield- 
ing high percentage otimeaheoe sears Ace sccee-.< - Seem aocon a 
5. Condition, deep even covering of firm flesh, especially in regions of 
valuable cuts. Points indicating ripeness are thick dock, back 
thickly covered with flesh, thick neck, full purse, full flank, 
LUA ENC OS ieee see eos eee oe hate os SE eee ete 
Head and neck—7 per cent: 
6. Jfuzzle, fine; mouth large; lips thin; nostrils lates and open. 
7. Eyes, large, clear, placid - - 5 5 


8. Face, short; features clean-cut 
9. Forehead, broad, fully 
a0 Ears, fine, alerts ore esas eo! 
Neck, thick, Shonestreetrombtoldseepee= ase > 2) eee eee eee ee eee 
Mirogirere7 per cent: 
12. Shoulders, covered with flesh, compact on top, snug----.-.--------- 
13. Brisket, neat, proportionate; RDTCAST Wide... .. aaeeen ea cen ae 
14. Legs, Straight, short, wide apart, strong: forearm full; shank 
smooth, PUTS os ees so Raye iS ee sic iecicre ints wie - Ee eee 
Body—20 per cent: 
15. Chest, wide, deep, full 
16. Ribs, well sprung, long, close..--.--.......-- 
17. Back, broad, straight, long, thickly fleshed 
18. Loin, thick, *proad, long SF SOE A ee eS oe pact s SM eye 
Hindquariers—16 per cent: 
19. Hips, far apart, level, smooth. -....- 
20. Rump, long, lev el, W ide to tail-head 
ie Thighs, full, deep, wide. .- si 
22. Twist, plump, COURT ONAN et VA es ND Oe I) 2 DoE Re 
» 23. Legs, straight, Siipet: strong; shank fine, smooth. -__......-------. 
Wool—12 per cent: 
PARE OTO TY LOS: CONSE {VEN fas 22) s2tefeci= eae =: - ee ee ee 
25. Quality, fine, pure; crimp closesmestilanievicn--- -seeeeeese= =e eee ses 
26. Condition, bright, sound, clean, soft, light. .....-..-..--......---- 
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DESCRIPTION OF MUTTON SHEEP. 
GENERAL APPEARANCE. 


Weight—Weight always should be considered in connection with 
age in market sheep and with sex in breeding animals. Sheep 1 year 
old and under are considered lambs on the market. Lambs are de- 
sirable as butcher stock, because they are in greatest demand by the 
consumer and are most profitable to the producer if he is raising sheep 
only for mutton production. Weight is influenced by breed and de- 
gree of fatness as well as.by age. Although plenty of weight is de- 
sired, there is objection to great weight because it is likely to be as- 
sociated with coarseness and a low dressing percentage and give cuts 
too large to suit the demands of the retail trade. Lambs weighing 
from 70 to 80 pounds are in greatest demand. Mature wethers should 
weigh over 95 pounds. 

Form.—The point of view of the butcher should be kept in mind 
in considering the form of a mutton steak. As the most valuable cuts 
of meat are on the hind quarters and loin, the butcher requires a heavy 
leg of mutton and a broad back with a deep, full loin. In order to 
secure this development in the hind quarters there must be a corre- 
sponding, development in other parts of the body. The general form, 
then, should be smooth and even, a large frame without heavy bones 
giving a plump appearance. Low-set, broad forms generally have a 
special development of loin and leg and dress out with a relatively 
small percentage of waste, hence are most desired by the butchers. 
A full, smooth outline is an indication of flesh which is thick and 
even. Long legs, drooping rump, flat ribs, and narrow chest with 
open shoulders, giving a general angular and rough appearance, indi- 
cate a relatively large amount of waste and enoappel cuts in propor- 
tion to valuable meat. 

Quality —Quality is an evidence of refinement as opposed to 
coarseness. Usually it is associated with good breeding. Quality is 
important in the mutton sheep because it is associated also with 
ability to fatten rapidly, and because with sheep of good quality the 
percentage of waste is lower than with sheep of inferior quality. 
Good quality is indicated by a head and ears of medium size which 
appear lean and clean cut; fine, dense bone of medium size; mellow 
skin, pink in color; soft, silky hair on face and legs and those por- 
tions of the ears not covered by wool. Indications of a lack of 
quality are a general coarseness as shown by a large, rough head; 
coarse, large ears; a large, open frame, with coarse bone and rough 
joints; a thick, wrinkly skin covered with heavy, greasy wool. or.a 
coat of wool that is harsh and coarse, and containing more or less 
kemp. k 
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Condition.—The term “ condition” or “ finish” when used in con- 
nection with mutton sheep refers to the degree of fatness. Fat ani- 
mals are preferred by the butcher because they dress a higher per- 
centage of edible meat than do thin animals; their carcasses present 
a better appearance; they lose less weight in refrigeration and cook- 
ing; they possess better curing and keeping qualities; and the edible 
quality of the meat is improved when a considerable amount of fat 
is distributed throughout the lean. A good mutton sheep will have 
a smooth finish; that is, the fat will not be in bunches, but have an 
even distribution over the body. 


HEAD AND NECK. 


Muzzle—A large muzzle, with open nostrils, and lips strong, 
thouga thin, indicates thrift and a good’ capacity for food. 

Hyes.—Eyes which are bright, full, and placid indicate health and 
a quiet disposition. 

Face.—A broad head and a short face with clean-cut features de- 
note quality and breeding character. 

Forehead—A forehead broad and full ts an indication of intelli- 
gence. Width of forehead is also correlated with width of muzzle, 
indicating a good feeder, which may mean much in handling the 
sheep on farm or range. 

Fars—Alert ears are an indication of an active disposition. To 
indicate quality they should be of fine texture, of medium size, and 
covered with fine, soft hair where not covered by wool. 

Neck—Although the neck is not worth much as meat, it should be 
short and thick to correlate with other parts of the body. 


FORE QUARTERS. 


Shouldevs—The shoulders should have an even covering of flesh 
and should be compact on top and filled out well in the crops oh 
shoulder vein to give a smooth finish. 

Brisket.—A wide, full breast is an indication of health and vigor. 
The brisket should F eicee forward, but it should be neat and in pro- 
portion to the chest. 

Legs.—They should be short and straight and set wide apart, ther 
ing a broad arm, well fleshed, and showing as little waste as possible. 


BODY. 


Chest.—A deep, full chest with a large heart girth is an indication 
of a strong constitution, as it means plenty of room for heart and 
lungs. Narrow-chested sheep are likely to lack thickness of flesh and 
to be in poor condition generally. 
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Ribs.—Well-sprung ribs not only make room for the vital organs 
but also give ample space for the laying on of flesh. 

Back.—The spinal column should be well hidden with a thick 
covering of firm, smooth flesh. The back should be moderately short 
and straight, showing strength. 

Loin.—In keeping with a strong back and well-sprung ribs, the 
lion should be short, broad, and thick to give a good connection be- 
tween the thigh, or leg of mutton, and the back, and at the same time 
furnish a large amount of relatively high-priced meat. 


HIND QUARTERS. 


[Hips.—The hips should not stand out prominently. They should 
stand far apart and both should be on the same level. 

Rump.—The rump should show a good length and a good width 
‘carried out well to the tail head. The rump should not droop toward 
either the tail or the thighs. 

Thighs.—As the leg of mutton is the most valuable cut of meat, it 
is very important that the thighs should be deep and wide and full 
to the point of being plump. 

Twist.—The leg of mutton should be not only plump and full on 
the outside but also in between the legs the twist should be filled well 
with flesh down to the hock, causing the legs to stand well apart. - 

Legs—Mautton sheep should not have a leggy appearance, as long 
legs, with a lack of development in muscle, indicate a lack of constitu- 
tion as well as a large proportion of waste in the carcass. Shortness 
of leg is associated with strength and smoothness, and fineness of 
shank is associated with quality. 


WOOL. 


Quantity —The factors which determine the amount of wool on 
sheep are its length and density and the uniformity in both over all 
parts of the body. 

From a commercial point of view wools may be classified as short- 
stapled, or clothing wools, which are used in the manufacture of 
woolen goods; and long-stapled, or combing wools, which are used 
in the making of worsted goods. A fleece of long wool will give: 
greater protection to a sheep in a cold country. 

Density of the fleece refers to the closeness of fibers; it is deter- 
mined with exactness by counting the number of fibers to a square 
inch. A dense fleece means not only more weight but it means also 
more protection for the sheep. To insure a heavy fleece the wool must 
be of fairly uniform length and density throughout the body. 

Quality.—Although the highest quality and the greatest quantity — 
can not be expected to go together both should be considered. For 
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goods of fine grade the wool should be fine and soft, with a close, 
regular crimp. The term “crimp” is applied to the waves in the 
staple. Fineness of crimp is associated with fine quality. There 
should be uniformity of quality and texture. ~ 

Condition.—Condition with reference to the fleece pertains to its 
brightness and healthy appearance. The wool should be free from 
dead fibers and all foreign matter such as dirt and burs. The con- 
dition of the wool is determined to a great extent by the health of the 
‘sheep. Both the health of the animal and the condition of its fleece 
are indicated by the amount and character of the yolk, or oily secre- 
tion of the wool. Although too much yolk is not desired there should 
be sufficient to prevent any harsh, dry appearance or feeling. 


FEEDER SHEEP. 


Capacity v. condition—Ilt should be obvious that the condi- 
tion of a sheep will determine whether it shall be classified as a 
market or fat sheep or a feeder. All the points given in connection 
with the description of mutton sheep apply to feeders except that 
instead of looking for market condition, or finish, one pays more 
attention to capacity for food and ability to use it efficiently in the 
production of mutton. Experiments have shown that sheep which 
have been bred toward the type described under mutton sheep make 
greater gains for the amount of food eaten than do those of inferior 
breeding. . 

Constitution and health—Feeder sheep not only should have a 
capacity for feed as shown by a well-developed barrel, but they also 
should give evidence of a strong constitution by having a wide, deep 
chest with ribs well sprung, making plenty of room for heart and 
lungs. Feeder sheep should be young and have their teeth in good 
shape. They can not use food efficiently if they have any form of 
diseases or if they are afflicted with lice or mites. 


WOOL SHEEP. 


Although few sheep are bred to-day for their wool alone the relative 
value and amount of the wool upon the fine-wooled breeds in relation 
to their size and value in mutton production is responsible for their 
being considered as a wool type. In score cards for this type usually 
45 points are given for wool, whereas in the score for mutton sheep 
12 points are given for wool. While in the score for wool sheep 
the greater emphasis on wool is at the expense of mutton qualities, 
the tendency at present is to pay more attention to the meat-pro- 
ducing qualities of the fine-wooled breeds. 
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BREEDING SHEEP. 


Breed type—While all breeds have the general form and char- 
acters of the type in which they are classed, all pure-bred sheep 
possess certain distinguishing features which are inherent in the 
breed and which receive the attention of breeders. These breed 
characters may have little value in themselves, yet they are a mark 
of breeding and give assurance that the animals will breed true to 
type. Included in such breed characteristics are such points as size, 
color markings, presence or absence of horns, and peculiarity of shape. 
These differences make it essential for the different breeds to have 
different score cards or standards of excellence which give consid- 
eration to these points. If one is selecting pure-bred sheep for breed- 
ing purposes, he must know the breed type as represented by the 
standards of excellence for the breed.t 

Sex character.—Whether one is breeding pure-bred sheep or is en- 
gaged in grading up a common flock, in the selection of breeding 
stock he should consider the qualities the market demands for wool 
and mutton. In addition to the application of market and breed | 
standards, stock intended for breeding should be considered from 
the point,of view of prepotency in transmitting their good features 
and prolificacy in reproduction. These qualities are indicated by 
what is known as sex character. 

The ewe.—To be a long-lived, regular, and prepotent breeder the 
ewe must have a strong constitution and show a strong maternal 
nature and present a feminine appearance. The ewe should have 
finer features about the head and a more slender neck than the ram. 
She should have plenty of room for the growth of the developing 
fetus. To provide well for early maturing lambs, she should give 
an abundance of milk. Breeding ewes should never be excessively | 
fat, as they are so often in the show ring. 

The ranv—The ram should be pure bred and show breed character 
and quality in strong form, because it is largely through him that 
improvement is secured for the flock. To be prepotent, the ram also 
must show a good deal of sex character; that is, there should be no 
doubt at first glance that he is a ram. He should have greater size 
than the ewe and a decidedly masculine appearance, indicated by a 
general burliness of the head, with a thickness of neck giving a 
suggestion of massiveness. He should have every indication of bold- 
ness, vim, and vigor as denoted by a brisk movement and a bold, 
energetic look through a bright, clear eye. A breeding ram should 
not be excessively fat, yet he should at all times be kept in good 
condition. ! 


1 Score cards for the leading breeds may be obtained from the secretaries of the breed 
associations listed in Farmers’ Bulletin 576, Breeds of Sheep for the Farm. 
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PRACTICE JUDGING. 


Aims.—The classroom instruction is but preliminary to the more 
important phase of the subject—practice with the sheep. Although 
the instructor may agree that better results may be obtained by study- - 
ing the sheep than by studying about them in books, it is well to 
have in mind very definite aims in the practical work and have a 
definite plan of procedure. The chief purposes in giving practice 
are: (1) To make application of classroom instruction, (2) to gain 
concrete experience and observation upon which to base further dis- 
cussion, and (3) to gain skill in observation and judgment. 

Preparing for a judging trip—aAs a rule, secondary schools must 
depend upon neighboring farms for stock-judging material. The 
teacher should know the live stock in the neighborhood of the school, 
that he may select animals suitable to his purposes. He should plan 
each trip with a definite purpose in view and know what he will 
have to work with. He should secure the consent of the owner and 
make arrangement to have the sheep in suitable inclosures so that no 
time will be lost. Wet, muddy barnyards should be avoided, and if 
there is danger of unfavorable weather, provision should be made for 
working under cover. With all such preparations made in advance, 
the class will need at least a double period for effective work in 
judging if the students have to go any great distance from the 
school. The teacher should be familiar with the animals he intends 
to use. In the case of comparative judging it is especially important 
that the teacher should be well acquainted with the animals and their 
relative merits. To aid the students in establishing high ideals, it 
is well at first to select animals which approach perfection. 

Use of the score card—The first practice judging should involve 
the use of the score card for a general type. It is assumed that 
in the classroom the students will become familiar with the card and 
the naming of parts. After the students have been shown how to 
‘handle and examine the animal they may make individual scores. 
Each student should work by himself. Conversation and comparison 
of scores should be avoided while the work is being done. The 
teacher should be able to make a score of the animal in much less time 
than the students and have the remainder of the time to supervise 
their work. Each student should make an estimate of the weight 
of the animal, to be checked by the use of scales if convenient. The 
student should have well fixed in his mind an ideal mutton sheep 
or the ideal of the type to be judged. The card will give the score 
for perfection in the various points; the student will enter a score 
which represents the points which he judges the animal to be worth. 
The sum of these points gives the score of the animal. It should 
_be remembered that the use of the card is chiefly for the purpose of 
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Fie. 8.—Sheep before trimming 


(above) ; 


after trimming (below). 
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training the student in observation, hence no details should be over- 
looked. The value of the score card in judging animals depends 
largely upon the care with which it is used. The following per- 
centages, are suggested as a basis for scoring: 1.0, perfect; 0.9, very 
slight defect; 0.8, slight defect; 0.7, defective; 0.6, marked defect ; 
and 0.5, poor. The number of points given for any particular part 
of the animal should be multiplied by the percentage rating given 
that point in the mind of the student. For example, loin is given 
six points and the animal examined is found to be defective. Six 
times 0.7 equals 4.2, which represents the score for the loin. In this 
manner the various parts of the body may be given a proportional 
score. 


Fic. 9.—Dragging the sheep. The wrong way to move a sheep. 


How to handle sheep.—Because of the covering of wool the hand 
must be used freely in judging sheep. The use of the hand is espe- 
cially important with fat sheep trimmed for the showroom (fig. 8). 
For this reason the teacher should select for judging sheep which 
are accustomed to being handled. The students should be cautioned © 

not to handle the sheep roughly by grasping the wool (fig. 9), but to 
grasp the skin under the throat carefully with one hand and with the 
other to press at the tail head to move it to the position desired_(fig. 
10). In order not to disturb the wool and injure the sensitive skin, 


4 
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the fingers should be held together and the hand kept flat in parting: 
the wool to note condition of wool and skin. With beginning students 
an excellent plan is to use a shorn sheep in order that they may get 
correct impressions of body form. Although the diagram on page 4 
(fig. 4) will aid in giving an idea of the outline of the sheep in fleece 
to that of the shorn animal, it will not have value equal to a compari- 
son of a sheep in full fleece with one that has been shorn (fig. 11). 


ws 
Lf 


Fic. 10.—The right way to move a sheep. 


If the students have opportunity to work with sheep fitted for the 
show ring, they may profit also by a comparison of a sheep which has 
been trimmed with one which has not. 

Method of examination—In using the score card the students 
should have a systematic, definite mode of procedure. The first ob- 
servations will be of necessity general ones, to be followed by a more 


JUDGING SHEEP IN SECONDARY SCHOOLS. 19 


Fic, 11.—Sheep before shearing (above) ; after shearing (below). 
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Tig. 18.—Noting the flesh covering of the shoulder vein. 
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detailed examination. The importance of first impressions should 
be emphasized. To note the general appearance of a sheep the 
students should not get too close. They will get a better impression 
of the animal as a whole from a distance of at least 10 feet (fig. 12). 
From this distance the general form of the animal may be noted. 
After the general form has been noted the legs and face may be 
examined as to cleanness of bone and the nature of the hair as 
an indication of quality. Scoring as to condition well may be left 
until the parts involved have been examined more in detail. The 


Fig. 14.—Noting the depth of chest. 


more detailed examination then may proceed, beginning with the 
head and continuing over the whole body. After the age has been 
estimated as directed below, while holding the sheep by the throat 
with one hand, the other hand may aid the eye in determining if the 
head is of the proper shape with good width of forehead, sound eyes, 
and no appearance of horns in breeds supposed to be hornless. If the 
sheep has horns they should spring clear from the head. The student 
should next feel the fullness of the neck, noting its length and the 
manner in which it meets the shoulder at the shoulder vein and note 


92 BULLETIN 593, U. S. DEPARTMENT OF AGRICULTURE. 


the fullness of the shoulder vein. Next observe the shoulder, noting 
the fleshy covering on the top and along the sides (fig. 13), and then 
pass down to the brisket, noting its width, and then gain an idea of the 
depth and width of chest by placing one hand on the floor of the chest 
and the other on the top of the shoulders (fig. 14). Passing back of 
the shoulders, note the width in this region, heart girth (fig. 15), and 
the manner in which the ribs are sprung. Then with one hand follow 
the line back of the shoulder to the tail head, noting the straightness 


Fic. 15.—Noting the capacity of heart girth. 


and coupling of the back indicating its strength, also its width and 
the depth, evenness, and firmness of the flesh covering. Special atten- 
tion should be given the width of the loin and the depth and quality 
of its covering (fig. 16). Before passing to the hindquarters the gen- 
eral capacity of the middle should be noted, attention being given to 
the flesh covering. Note width of hips and the length, fullness, and 
width of rump (fig. 17). Then with both hands (fig. 18) examine 
the leg of mutton, carefully noting its size, fullness, thickness, and 
firmness. With one hand between the legs and the other at the tail 
head note the depth and breadth of the twist (fig. 19). 
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In examining the fleece to note its quantity, quality, and condition 
it should be opened first just above the point of the shoulder (fig. 20), 
as in this region the best wool is to be found. The thigh (fig. 21) 
should be examined next, as upon this region grows the poorest and 
coarsest of the fleece. As the belly is often covered but lightly it 
should be examined also. 

Estimating the age of sheep—In addition to the sets of molar 
teeth at the back of both upper and lower jaws the sheep has a set 


Fie. 16.—Noting width at loin. 


\ 


of eight incisors on the lower jaw which work against a tough fibrous 
pad on the upper jaw as in the case of the cow. The age of a sheep 
may be estimated by the appearance of these incisors up to the time 
it is four or five years old. By the time the sheep is four weeks old 
it has eight temporary incisors, or milk teeth. When the sheep is 
slightly over one year old the central pair of incisors is replaced by 
permanent teeth which are broader and wider than the temporary 
ones. When the sheep is two years old the next pair is replaced; the 
third paid when the sheep is nearly three years old; and the fourth or 
corner pair when the sheep is between four and five years old, hence a 
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full set of permanent incisors will indicate that the sheep is at least 
four years old. If the sheep are kept in high condition, as show sheep 
often are, the process of replacing the milk teeth with the permanent 
‘ones will be hastened; on the contrary, a lack of proper feed will 
retard the process. Although it is not possible to tell the age of sheep 
by the teeth with accuracy after they have a full set, it may be de- 
termined roughly by the condition of the teeth. As the sheep gets 


Fig. 17.—Noting width of rump. 


older the teeth are worn down. As the teeth may become broken 
and lost, thus affecting the ability of the sheep to feed, all older sheep 
should be examined to note if the teeth are in working condition. 

In examining the mouths of sheep one should be patient and not be 
rough in the exertion of force. With one hand holding the head 
against the thigh to steady it, the lps should be parted with the 
first two fingers of the other hand (fig. 22). If this is done quietly 
and gently, there will be little difficulty in exposing the teeth. 
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Comparative judging.—(¥ig. 23.) Repeated practice with the 
score card should be but preliminary to the method used in the 
show ring, that of comparison and placing according to merit. The 
student who has used the score card carefully with a number of sheep 
should bé prepared to take in the general conformation and detect 
the details which indicate the worth of the animal. In trying out 
the judgment of the students in comparative judging, it is well to 
select for the first practice four sheep of marked difference in impor- 
tant characters. Asskill is developed animals more nearly equal may 
be chosen. Each animal should be numbered or lettered and the stu- 


Fig. 18.—Hxamining the leg of mutton with both hands. 


dents given a brief time in which to place them according to their rela- 
tive merit with respect to such important general characteristics as con- 
stitution, market condition, or condition of fleece. After they have 
placed them according to judgment from one« point of view they 
should then place them with all characteristics considered. Time 
equal to that given for the final placing should be given for the 


students for writing their reasons for such placing. As students very 


often do not know how to state their reasons definitely, the following 
form filled out is suggested for this exercise: 


Name of student: William Smith. Date, February 9, 1917. 
Class of animals: Mutton: wethers. ; 
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Placing: First, C; second, D; third, A; fourth, B. 

1. I placed C over D because he approached more nearly the ideal mutton 
form and shows a smoother covering of flesh, ete. 

2. I placed D over A because he shows finer quality and has a heavier fleece 
of better quality, ete. 

3. I placed A over B because he shows a better leg of mutton and has a 
wider chest and heart girth, indicating a stronger constitution, etc. 


. 


Fie. 19.—Noting depth and breadth of twist. 


Judging contests—The contest idea may be used to arouse interest 
in this work and to develop school spirit. From the students which 
do the best individual work a team of three to five members is 
selected to represent the school in judging sheep and other animals 
at county and State fairs. Although much can be done toward 
arousing interest in the agricultural work and some good adver- 
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tising may be secured for the school by a competent team, such a 
team should not be trained at the expense of neglect to students in 
the regular work. The work in stock judging should be a means 
toward the end of training farmers and should not be considered in 
any sense an end in itself. 

Whether the school enters a judging competition or not, the teacher 
may gain a great deal by taking his class to good fairs and live- 


Fic. 20.—Examining the fleece upon the shoulder. 


stock exhibitions. Such visits should be definitely planned and 
supervised to yield the best educational results. Under the direc- 
tion of the teacher the students should learn much of the various 
types and breeds and note the methods used by expert judges. Spe- 
cial attention should be given the work of the judges, particularly 
to the explanations of their placings. 

At some of the schools local fairs are held under the direction of 
the school. Such exhibits not only furnish material for stock judg- 


pall 
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ing, but also should do much to arouse interest on the part of both 
students and patrons. 

Practical applications —Ilt should be borne in mind that the end 
to be reached in teaching stock judging in secondary schools is not 
to train judges for the show ring, but to develop judgment which 

-may be used in selecting sheep for breeding and feeding purposes 


Fic, 21.—Hxamining the fleece upon the thigh. 


upon the farm. After practice has been given with the score card 
and in placing sheep by the comparative method it will be an excel- 
lent thing to have the students apply their training as farmers. If 
flocks of breeding and feeding sheep are accessible each student may 
be assigned the problem of selecting a stated number of animals best 
suited to a particular stated purpose. Following a study of market 
conditions, prices may be assigned to the animals selected. The 


/ 
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judgment of the students then may be compared with that of the 
owner, the teacher, or some other person more competent. Where- 
ever the students are gelecting sheep for their home-project work 
their training may be applied in a more vital manner, as the success 
of the student will be involved in a financial way. 


Fig. 22.—Hstimating the age of.a sheep. 


Grading wool.—Although a study of wool as a product is not 
strictly a phrase of judging sheep, it may be made a very helpful 
adjunct to such work. A practical study of market grades and 
classes of wool will aid the student in judging wool upon the sheep 
and develop an appreciation of greater care in handling sheep with 


30 BULLETIN 593, U. S. DEPARTMENT OF AGRICULTURE. 


regard to maintaining a better standard of wool. Department Bulle- 
tin 206, The Woolgrower and the Wool Trade, may be made a basis 
for such a study. Samples of wool may be brought from the home 
farms or from local warehousemen. It may be possible to secure 
a set of samples showing standard classes and grades from dealers 


Wie. 28.—Sheep arranged for comparative judging. F 7 


or manufacturers. If such are not obtained, the illustrations of the 
bulletin, with the descriptive matter, will prove sufficiently helpful 
to make the work worth while. Each student should be required 
to classify the samples obtained and give written reasons for his 
placing independently. 


PUBLICATIONS OF THE UNITED STATES DEPARTMENT OF 
AGRICULTURE RELATING TO SHEEP. 


AVAILABLE FOR FREE DISTRIBUTION BY THE DEPARTMENT. 


Woolgrower and Wool Trade. (Department Bulletin 206. ) 


Courses in Secondary Agriculture for Southern Schools, Ist and 2d years. 
(Department Bulletin YAP) 


Breeds of Sheep for the Farm. (Farmers’ Bulletin 576.) 

-Sheep-Killing Dogs. (Farmers’ Bulletin 652.) 
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SIGNIFICANCE OF REGIONAL PRICE DIFFERENCES. 


Extreme geographic differences prevail in prices paid to farmers. 

Farm prices increase or decrease in well-defined Gizecttons, varying with each 
item of production. 

Character of the data employed; counties the basis of measurement. 

The prices paid to farmers for a given product vary so greatly 
throughout the United States, and the variations are so closely inter- 
woven with changing economic conditions as to indicate a field of 
research of practical value and economic interest. That wide differ- 
ences should be found throughout the country in the prices of certain 
perishable farm products is to. be expected. But agricultural staples 
not perishable in character, and of general consumption, exhibit a like 
disparity; even when price differences due to grade or quality are 
relatively small, more than 100 per cent variation frequently obtains 
throughout producing regions of the United States. Neighboring 
counties often show distinct differences in price. 
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Two sets of factors are concerned in producing variations in farm 
or producers’ price. One set has to do with the general price level 
of a given product; the other set is regional in its effect and divides 
the United States into sections according to price disparities. Cli- 
matic changes (affecting the outcome of the harvest), the outbreak of 
war, changes in the purchasing value of money, and other factors 
produce price changes that are nation-wide in extent. But differ- 
ences in freight rates and transportation facilities, proximity to or 
remoteness from consuming territories, and other factors in the 
relationship of local to general distributive conditions, though affect- 
ing smaller areas, are equally potent and more stable in their in- 
fluence. The latter class of factors—those dividing the United 
States into zones according to the price paid farmers for a given 
product—presents a field that is only partially developed. 

Obviously farm price is a potent factor in adjustments of agricul- 
tural production. Just as climatic limitations on agriculture are 
shown on maps, so do farm prices, on sufficiently detailed maps, align 
themselves into zones, since price variations increase or decrease in 
well-defined directions. But this local price advantage or disad- 
vantage varies with each product, according to its characteristics and 
commercial movement; the extent and regularity of zones having 
equal price figures change with each crop, and so also do the direction 
and rate of increase. Thus, southern farmers, raismg varieties of 
wheat mostly softer than those of the North and West, receive on an 
average up to 60 cents per bushel more. The lowest wheat prices 
occur in regions marked by high prices of corn. Eastern farmers 
receive decidedly higher price averages for bulky commodities, such 
as hay, than for cereals. Much irregularity occurs in the prices of 
products wherein local consumption is important, such as corn or 
vegetables; greater stability, however, prevails in prices of wheat 
and oats. Within each State there is usually a variation of at least 
20 cents per bushel in corn prices, which is about the cost of sending 
corn from Chicago to Liverpool, under normal conditions. 

This publication deals with the wide variation in the producers’ 
price of wheat throughout the continental United States. State 
price averages usually embrace large areas and dissimilar conditions; 
therefore the county has been used as the smallest available working 
area wherein approximately similar conditions of supply and demand 
prevail. As the ratios of sectional prices fluctuate with unusual 
market conditions, an average for the five years, 1910-1914, was 
employed to differentiate normal from spasmodic differences. Basic 
figures for each of the five years were compiled from an annual 
total of about 30,000 township reports. The result constitutes, in 
effect, a survey of the geography of wheat prices and price factors. 
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In assembling the material Hee a threefold plan has been 
pursued: 

First, a tabular presentation of the price averages, by counties 
Pi andix, p. 34) is supplemented by maps and graphs, to show 
geographic price zones and related factors. 

Second, the most suggestive bearings of the tdicated price 
differences are outlined. In an empirical method of treatment 
only is this phase attempted, for price factors are complex, fre- 
quently interdependent, and are not susceptible of absolute measure- 
ment. To this has been added a brief retrospective view of price 
factors from 1871 to 1915, for the purpose of showing present tenden- 
cies through their indicated development. 

Finally, gross price has been contrasted with sebial returns by 
coordinating prices, yields, and cost of production per bushel and per 
acre. 

SURVEY OF GEOGRAPHY OF WHEAT PRICES. 


’ From a minimum in Idaho and Montana, prices paid wheat growers graduate 
upward toward the coasts, with maximum price in the southeast. ‘ 
Price increases follow direction of commercial wheat movement from exporting 
to importing regions. 
Map 1, which is given opposite, has been condensed to a 10 cent 
price unit, in order to delimit the general price zones without the 
intrusion of minor local variations. Blank spaces mdicate areas of 
little or no production, according to the 1909 census. Figures 
within each State show estimated wheat surplus or deficiency (i. e., 
difference between production and consumption within the State), 
indicating the direction of the commercial wheat movement. 

The minimum price paid wheat growers occurs within the areas of 
surplus wheat production, in central Montana and eastern Idaho. 
With a high rail and lower ocean freight rate eastward, and a shorter 
rail but higher ocean freight westward, this territory is most disadvan- 
tageously situated as to foreign and domestic wheat markets. Radi- 
ating from this region, prices graduate upward in every direction until 
the maximum, toward the coasts, is reached. Generally speaking, 
the surplus-producing areas have the lowest prices, and the converse 
also is true. From the described region of lowest prices two main 
currents, Pacific and eastward, are apparent, following closely the 
direction of wheat shipments. 

The Pacific wheat movement is of much smaller volume than the 
eastward traffic. The surplus is concentrated in a relatively small 
area in the Northwest. Westward from this area prices increase 
steadily toward the Pacific seaboard. Prices rise also southward 
toward areas of insufficient wheat production, the maximum price 
being reached in southern California. 
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The wheat movement eastward attains much larger proportions. 
The surplus swells to tremendous volume, progressing through the 
trans-Mississippi wheat belt. This surplus, in the form either of 
wheat or of wheat flour, supplements deficient production to the east 
and south, and comprises the bulk of the export wheat. Here again 
prices augment in the direction of the wheat flow, increasing slowly 
eastward, much more rapidly and irregularly southward, in which 
direction the wheat movement is of less volume. The highest farm 
prices of wheat are reached in the southeast. 


WHEAT VERSUS CORN AND OATS—PRICE ZONES COMPARED. 


Corn—Area of minimum farm price in adjoining sections of Iowa, Nebraska, 
South Dakota, and Minnesota. 
Oats—Area of minimum farm price immediately north of that of corn. 


Comparison of the farm price zones of wheat with those of corn and 
oats discloses suggestive differences. The production of corn and 
oats is much greater, yet a smaller percentage enters into the com- 
mercial movement, the major part being retained on the farms. 
Population requirements do not directly dominate price progres- 
sions of corn and oats as they do those of wheat. 

The région of lowest corn price is seen in the adjoining sections of 
Iowa, Nebraska, South Dakota, and Minnesota. From this area 
prices increase in every direction at a much more rapid rate than in 
the case of wheat and with much greater local variation. Within 
most States a consistent variation of at least 20 cents per bushel 
obtains in corn prices. From the region where corn is cheapest 
prices augment in the direction of the lowest wheat prices; that is, 
westward and northward, as well as to the other points of the com- 
pass, with highest corn prices in the southeast and southwest. 

Although more widely diffused, oats are somewhat similar to wheat 
in being a northern crop. The lowest price areas, directly north of 
those of corn, are in western Minnesota and eastern North Dakota; 
from this area prices increase in every direction. The price accretions 
of oats are more notable toward the south, rather than east or west; 
and price differences are less marked, region by region. 


PRINCIPAL CAUSES UNDERLYING PRICE DIFFERENCES. 


Connection between wheat prices and movement of wheat from sparsely popu- 
lated surplus areas to those of deficient production. 

Population, wheat production, requirements, surplus or deficiency, wheat 
milled; general review. 

Analysis of elements in distributive movement; by States and divisions. 


In the price graduations of wheat the basic consideration appears 


in that, whereas wheat is destined for human consumption, wheat 
growing has been steadily relegated to the less densely populated 


- (NoTe—Tho difference In price betwoen any two regions may be regarded as practically stable, regardless of Rhannes in the 
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regions. The flow of wheat is then from these areas to those of 
denser population and deficient supply. Price maps reflect regu- 
larly geographic relationship to this movement, the lowest prices 
appearing in the surplus-producing areas farthest from European 
markets or in those most unfavorably placed in the distributive 
channels. 

Map 2 shows the distribution of wheat production in the census 
year 1909. It will be noted that while wheat raising is generally 
diffused from ocean to ocean (except in the southernmost tier of 
States), only certam States which may be roughly described as lying 
west of the Mississippi and north of the thirty-seventh parallel pro- 
duce more than their requirements for food and seed. 

Table I (p. 8) presents in condensed form data relating to the 
geographic price alignments of wheat. To obtain representative 
measurements a five-year average was employed (1911-1915). States 
have also been grouped by sections of the country to permit of a 
general view. Population, wheat production, wheat requirements 
for food and seed, and surplus or deficiency are given in absolute 
figures as well as percentages of the United States totals. The rela- 
tion of production to population in each unit is indicated by the per 
capita figures. Commercial movement of wheat (with which farm 
prices are closely identified) is dicated by ‘‘shipments out of counties 
where grown; and a rough characterization of this traffic, whether 
it be in the form of wheat or wheat flour, is obtained by com- 
paring the census data regarding wheat ground in merchant mills 
during the calendar year 1914 with figures for production and average 
requirements. 

A striking feature of this sectional groupmg is the degree of the 
national dependence for wheat supplies upon the West North Cen- 
tral States, constituting about 17 per cent of the total area, and the 
concentration of production within a few States west of the Missisippi. 
The entire region east of the Mississippi, in addition to the southwest, 
produces much less wheat than it consumes. Here, too, the highest 
farm prices prevail. The North Atlantic States grow only about 
one-fifth of their requirements, comparing with Great Britain in this 
respect. Most notably deficient in production (showing also the 
lowest per capita consumption) is the territory comprised in the 
Atlantic and the Southern States (bounded by the Ohio and the Mis- 
sissippi Rivers) and the West South Central section, 25 States in all. 
These regions grow only 16 per cent of the national wheat (1911-1915), 
but contain 56 per cent of the total farm lands, 49 per cent of the 
total improved land (1910 census), and 60 per cent of the total 
population. In round numbers they total: Wheat requirements, 
305 million bushels; production, 129 million; and deficiency, 176 
million bushels. To the wheat drawn here to supply this shortage 
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should be added an approximately equal quantity, on an average, 
going to the seaports for export, also less than 100 million bushels of 
Canadian wheat shipped in bond. The deficit would be considerably 
augmented by omitting Oklahoma with its production of 26 million 
and surplus of 12 million bushels. A total of the States raising 
insufficient wheat, regardless of sectional grouping, gives less than 
19 per cent of the wheat production and 68 per cent of the population. 

It is noteworthy that the merchant flour mills in the Atlantic and 
the Southern States mill over 25 per cent of the total wheat, as 
against 16 per cent of the wheat produced. These figures would be 
increased considerably by the addition of wheat ground in custom 
mills, particularly important in the South, but figures for which are 
not available. In this section the fraction which is shipped out 
of counties where grown is small, indicating that the bulk of the 
wheat raised is retained for local use and does not enter into trade 
channels. 

The production in the East North Central States is about offset by 
the requirements; the single surplus State of Indiana brings up the 
average for the section, other States in this division usually being 
deficiency States. 

The residual territory west of the Mississippi, embracing the sur- 
plus wheat areas, produces some 550 out of the total 800 million 
bushels, or about 69 per cent, though it has but 38 per cent of the farm 
lands and 20 per cent of the total population. In this surplus wheat 
region the vast area in the Mountain States, of which only about 2 
per cent was improved in 1909, is as yet relatively unimportant as to 
surplus wheat, although developmg at a rapid pace. The western 
surplus supplies the deficiency of the other sections as well as the bulk 
of the export wheat. A very small percentage is shipped via Canada, 
an increasing proportion moves toward the Gulf ports, and by far 
the larger part moves eastward, either milled en route or as wheat. 

Figure 1 is added to throw into relief the proportionate significance 
of factors in the table discussed. 

Reference to Table I will show that per capita wheat consumption 
declines as prices increase, ranging from 4 bushels per capita in some 
Southern States to 7.2 bushels in Montana and South Dakota. 


Note.—Differences in price as shown or discussed in this bulletin are not intended to refer to present 
war conditions; they are based upon prices for the years 1910 to 1914. 


MAP 2, — GEOGRAPHICAL DISTRIBUTION OF WHEAT PRODUCTION. 
Sulletin 594 U.S. Department of Agriculture. 
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TasLe I.— Wheat: Basic elements in geographic price differences: 


State and geographic 
division. 


Popula- 
tion July 
1,1913 
(median of 
1911-1915). 


Produc- 
tion (aver- 


United States 


New England 
Middle Atlantic 
South Atlantic® .....__.- 
East North Central. . -._. 
West North Central 
East South Central... ..-. 
West South Central... -- 
Mountaint=22 see. eee 
Pacifie 


New Hampshire. ---. 
Mermont: 2-22 5262 5: 


News Vork 22 See. 
New Jersey. ........- 
Pennsylvania......-. 
South Atlantie: 
Delawarese. seater 


Georgias =e etek 


TM OSS Ree ee! 
Miachivarrets a ome 
IWWASCONSIT Sessa nee 


Tennessee. ..._.._..-- 


Mississippi-....._---- 


JATKansSaS Shee we 
Mountain: 

Mon tanaesss ss ane ae 

Wyoming 

Coloradoseeeeet ase 

New Mexico........-- 
Arizona 
U 


Pacifie: 
Washington.._.....--_| 
Oregons. S55 | 
California 

United States............ 

Net surplus 


Exports (domestic wheat)} 
average 1911-1915. -_.._.! 


Wheat 
ground in 
merchant 

mills in 

1914.1 


Shipments out of 
county where 
grown (approxi- 
mate commercial 
movement). Ay- 
erage 1911-1915. 


Requirements, aver- 
age, 1911-1915. 


For food 


For food. | and seed. 


Per cent 
Thousand | Thousand| Thousand| of pro- | Thousand | Thousand 
Thousands.| bushels. bushels. bushels. | duction. | bushels. bushels. 
97,163 | 803,501 | 548,970 | 476,986 59.4 | 515,937 | 595,713 
6, 865 107 519 () (3) 33, 245 33, 405 
20,570 30, 798 56, 604 10, 516 34.1 113, 223 117,318 
12,764 37, 187 25, 232 11,688 31.4 58, 448 62,574 
18,987 | 124,045] 108,428 64, 304 51.8 | 107,347] 120,372 
12,057 416,425 242, 970 273, 765 65.7 71, 237 112, 100 
8,690 19, 196 97, 808 5,509 28,7 36,151 38, 
9,516 41, 381 29,971 27,118 63.5 48,656 53, 424 
2,945 59, 765 16,677 31,172 o2he 18, 939 24, 377 
4,769 74, 597 35, 761 52,914 70.9 28,691 33,699 
a er ne 
758 80 44 (?) (3) 3, 562 3,574 
AS TiAl eet eee 402 (2) (3) 2, 184 2,189 
360 20 15 ‘ (3) 1,944 1, 946 
35540) Ge ee... 2 57 2) (3) 17,744 17, 838 
BY (ON eae PSE (A ORE oe (2) (3) 2,493 2,511 
di 192)| Aer 1 (2) (3) 5, 318 5, 347 
9, 713 7,348 36, 427 2,465. 33.5 52, 450 53, 513 
2, 749 1, 463 $33 412 28.2 13, 747 14, 028 
8, 108 21, 987 19, 344 7,639 34.7 47, 026 49,777 
208 1, 936 735 1,112 57.4 1,040 1,271 
1,330 9, 981 5,310 5,971 59.8 6,651 9,070 
2,129 11, 295 10, 232 3,618 32.0 9,581 11,003 
1,306 3,442 2,535 512 14.9 7,446 7,935 
2,308 7, 345 4,703 366 5.0 10, 385 11, 333 
1,572 1,199 190 18 Ines 6,760 6,950 
2,737 1, 989 1,617 91 4.6 10, 947 11, 242 
B26) [hee ce ee | ee ee os bre es acne meine sence 3,714 3,770 
4,965 31,566 27,780 14,551 46.1 31, 281 34, 941 
2,761 34, 950 21, 200 19, 116 54.7 15,737 19, 479 
5, 904 38, 631 31,021 22,600 58.5 33, 063 36, 799 
2,937 15, 198 14,621 7, 154 47.1 14, 683 16, 187 
2, 420 3, 700 13, 806 883 23.9 12, 583 12, 966 
2,181 59,081 | 124,339 35, 969 60.9 15, 704 21, 982 
2, 222 14, 098 7,118 9, 159 65. 0 11,779 13, 215 
3, 354 35, 377 25, 278 17,626 49.8 17,441 20, 813 
661 | 105, 887 10, 397 73, 970 69.9 4,758 14, 502 
643 39, 258 4, 488 26, 938 68.6 4,180 9,078 
1, 233 59, $44 11, 405 40, 126 67.1 7, 152 11, 884 
1,763 | 102,880 59, 945 69, 977 68.0 10, 223 20, 626 
2, 336 9, 813 13,114 2, 892 29.5 10, 513 11,650 
2,238 8,789 14,579 2, 575 29.3 9,176 10, 168 
2, 239 528 115 27 5.1 8, 954 9,077 
1,877 66) | Ssate 15 22.7 7, 508 7,549 
1 745i) ee seller 7, 855 7, 907 
4,172 13,637 18, 979 7,477 54.8 22,529 24,099 
1,939 26, 217 9,591 19, 366 73.9 11,633 14, 533 
1,660 1, 527 1,401 275 18.0 6, 639 6, 885 
419 20, 900 4,143 13, 025 62.3 2,515 5, 284 
163 2, 366 492 490 20.7 1,029 1, 248 
883 10, 709 5,738 5, 558 51.9 5, 300 6, 107 
370 1,542 291 304 19.7 2, 924 3,061 
231 879 386 79 9.0 1,662 1,740 
405 6,601 2,525 2,221 33.6 2, 469 2,951 
95 1, 246 193 262 21.0 578 676 
379 15,522 2,909 9, 233 59.5 2, 462 3, 310 
1, 345 49, 985 17, 567 37, 749 aD 8, 068 10, 940 
757 18, 018 8,639 11, 339 62.9 4,618 6, 007 
2,667 6, 594 9, 555 3, 826 58.0 16, 005 16, 752 
97,163 | 803,501 | 543,970| 476,986 59.4| 515,937) | 595,713 


1 From census of manufactures, calendar year 1914. 


figures indicate roughly the trade movement, wheat versus wheat flour. 


2 Less than 500 bushels. 


Grain ground in custom mills is not included. The 
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population, production, requirements, and indicated trade movement. 


Per capita. Distribution in percent- 
Average surplus or ages of the United 


deficiency, 1911-1915. Requirements. States totals. 


quire- | State and geographic 
Pro- | ments division. 
duc- for 
tion. food 


Bec eed 
Defi- on. or food | Popu- 
Surplus. Garey? For food. | snd seed. | lation. 


Thousand | Thousand ize Per Per 
bushels. bushels. | Bushels. | Bushels. | Bushels. | cent. cent. cent. 
QOGGISS: | she ase. 8.3 1 6.13 | 100 100 United States. 


(4) 5.6 | New England. 

19.7 | Middle Atlantic. 
10.5 | South Atlantic.5 

2 East North Central. 
8 | West North Central. 
| East South Central. 
1 
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West South Central. 

Mountain. 

Pacific. 

New England: 
Maine. 

New Hampshire. 
Vermont. 
Massachusetts. 
Rhode Island. 
Connecticut. 

Middle Atlantic: 
New York. 
New Jersey. 
Pennsylvania. 

South Atlantic: 
Delaware. 
Morylaud: 

irginia. 
West Virginia. 
North Carolina. 
South Carolina. 
Georgia. 
Florida. 

East North Central. 
Ohio. 

Indiana. 
Tilinois. 
Michigan. 
Wisconsin. 

West North Central: 
Minnesota. 
Towa. 

Missouri. 
North Dakota. 
South Dakota. 
Nebraska. 
Kansas. 

East South Central: 
Kentucky. 
Tennessee. 
Alabama. 
avessippt 

West South Central: 
Louisiana. 
Texas. 
Oklahoma. 
Arkansas. 

Mountain: 
Montana. 
Wyoming. 
Colorado. 

New Mexico. 
Arizona. 
Utah. 

evada. 
Idaho. 

Pacific: 
Washington. 
Oregon. 
California. 

ees 6216, 216 100 United Siaies. 

7 UES) |pecehccce sdlideson ccc |oeessbSned lposdhoaasa orice csc leoacedon ee podoae Net surplus. 
| Exp’ts (domestic wheat) 
TSONGA SEE ree cee ae one eee eecleeeemens. JIN, aes sce a ae ie eee average 1911-1915. 


3 Less than one-tenth of 1 per cent. 5 Includes the District of Columbia. 
4 Less than one-tenth of 1 bushel. 6 Gross surplus and deficiency. 
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New Enexianp Srates.—This section is almost completely de- 
pendent for its wheat supplies upon shipments from the West. The 
small quantity of wheat ground indicates that practically the entire 
deficit is supplied in the form of wheat flour. The movement to 
this division consists not only of some 33 million bushels required 
for its consumption, but includes also an additional 25 million bushels 
of wheat exported from its seaports, less than 3 million bushels more 
in the form of wheat flour, and a few million bushels of Canadian 
transit wheat. 

MippiE ATLANTIC StTaTES.—The dominating influence of the three 
States in this section is shown by the fact that half the gross surplus 
of the country is drawn here for consumption and export, as well as 
millions of bushels of Canadian wheat. The section contains the 
largest population but produces scarcely one-fourth of its requirements 
for food and seed. Only a third of its production enters into the - 
shipments out of counties where grown, indicating local consumption 
for seed, in custom mills, etc. Its flour mills grind about twice the 
quantity of wheat produced. Shipments to this group of States, 
supplying a deficit of 117 million bushels, are augmented by 50 million 
bushels in the form of wheat flour and 65 million bushels of wheat 
for export, chiefly via New York; also by nearly 50 million bushels 
of Canadian wheat, shipped in bond. 

SoutH ATLANTIC StaTteS.—The requirements are about double on 

‘local production. Virginia and Maryland produce about 60 per cent of 
the wheat in the eight States of this section and bring up the average. 
The small fraction of the crop shipped out of counties where grown 
suggests local consumption for seed and in custom flour mills, no 
data for the latter being available. Wheat ground in merchant 
mills is less than production. The two northern ports in this section, 
Baltimore and Newport News, draw in addition about 20 million 
bushels for export. 

Kast SourH Crentrat Srarres.—The two States of Kentucky 
and Tennessee produce practically all of the wheat in this division, 
and also mill nearly all of the product that enters into merchant mills. 
As a section, the figures show production equal to half of the require- 
ments; the small percentage of shipments out of counties where 
grown indicates local consumption and use in custom mills. The 
wheat flow to this section is largely in the form of wheat flour. Very 
little wheat is exported from its ports. 

West Sours Centrat Statres.—Oklahoma produces nearly 60 per 
cent of the crop of this section, and the small percentage which is 
ground in Oklahoma merchant mills indicates its shipment unmilled. 
The section considered in its entirety raises about 80 per cent of its 
requirements for food and seed. The trade current to this group 
supplies a net deficit of some 12 million bushels and includes some 
35 million bushels of wheat and 7 million bushels equivalent of wheat 
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flour, moving to New Orleans and Galveston for export. The export 
movement through the Gulf ports is increasing rapidly. 

East Norra CentraL States.—The figures for Indiana in the 
production column bring up production to about an equality with the 
requirements. Wisconsin grinds several times its production, the 
other States less than their production. . 

West Norts Centrau Strates.—This is the great surplus wheat 
area, growing 51.8 per cent of the national wheat, or 416 out of 803 

million bushels, with only 12 per cent of the national population and 
17 per cent of the land area—or less than four times the requirements 
for food and seed. North Dakota (160 bushels per capita) and Kansas 
(58 bushels per capita) contribute about 60 per cent of the wheat grown 
in the seven States of this section, which supplies not only the greater 
part of the domestic deficiencies east of the Rockies, but also most of 
the export wheat. Deducting the Pacific wheat, which normally 
enters into a distinct trade westward, this division furnishes nearly 
80 per cent of the gross surplus of the United States. The one State 
of Minnesota grinds more than half of the wheat milled in this area— 
several times the State production. The aggregate figures suggest an 
export movement of wheat and wheat flour in about equal proportions. 

Mountain States.—The per capita production in these States is 

very high; only in Montana and Idaho, however, does the local 
production attain relative importance. The southern part of the 
division grows insufficient wheat for its needs. Population and 
‘ wheat production are widely scattered, and the region is still in a 
developmental state, the census of 1910 reporting only 2 per cent of 
its area as being improved. Only a small proportion of the export 
wheat is milled, part moving westward and the major portion finding 
its way to markets east of the Rockies. 

Pacific States.—The bulk of the Pacific wheat production is 
concentrated in eastern Washington and northeastern Oregon, as 
will be seen from Map 2. California’s production has declined to a 
fraction of the State’s requirements. The surplus wheat from 
eastern Washington and Oregon, with some from adjoining Mountain - 
States, supplies deficiencies in this section, the major part seeking a 
market in Kurope and the Orient. Pacific mills grind less than half 
the local crop, surplus wheat being shipped, as a rule, unmilled. 


SECTIONAL PRICE RATIOS SHIFTING. 


Price maps based upon averages for five years, 1910-1914, to determine normal 
conditions. 

Geographic price differences change slowly with economic transformations. 

Spasmodic deviations from usual price relationships due to unusual local _ 
conditions. 


Application to specific purposes of the maps and local price align- 
ments to which attention is now addressed is in a measure contingent 
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upon an understanding of the data upon which they are based. 
Emphasis is laid upon the fact that the price zones as mapped and 
given in tabular form within the appendix represent normal condi- 
tions determined by a five-year average (1910-1914), showing regular 
and definable tendencies, both general and local. 

These geographic price differences are not fixed; they are slowly 
changing with other economic conditions. This phase is more fully 
treated on pages 24-27, wherein are shown the steadily diminishing 
price differences in wheat between exporting western and importing 
eastern sections, coincident with the decline in transportation charges, 
attended also by a decreasing wheat production in the East. Simi- 
larly, marked changes occurred in Mountain States disadvantageously 
situated as to markets, in which formerly—when deficient in wheat 
supplies—very high prices prevailed, and where now there are low 
prices, since these States have eventually come to produce a surplus 
of wheat. 

Subordinate to the general price movement, temporary deviations 
from the usual price relationships are found. A local crop failure 
may occur, or the crop may be of poor quality, and a region, usually 
exporting, must bring in supplies. The Kansas corn crop was prac- 
tically a failure in 1913, because of a severe drought; large quantities 
of corn had to be brought in for local needs. As a result, the farm 
price ratios were disrupted, the Kansas farm price becoming con- 
siderably higher than that of adjoining States, even exceeding that of 
Pennsylvania, although usually about 10 cents per bushel less. 
(See fig. 2.) 


DEC SLAS DEC. 449/47 AWERAGE FOR S$ VRS. FG11-75E 
(ONUSUAL VARIATION USUAL OSCAIL 
YEAR OF KANSAS DROUGHT) FeAT/O FAZIO 
ESA teat A eee ae ieee [ete rack AUC Lal 
AHANMSAS 7EE AMANVGAS 639 AANMSAS SIE 
PENNSYLVANIA: 72E- FENN SYLVAIVIA FEE CENMVSILVANMII 6G 


Fig. 2.—Usual and unusual farm-price ratio per bushel of corn, Kansas and Pennsylvania. 


A very striking illustration of deviation from the usual sectional 
- farm price ratio is afforded by the situation in the Pacific Coast 
States in 1916. The Pacific wheat surplus could not follow its usual 
course to Europe because of the scarcity of ocean tonnage, hence it was 
shipped by rail to eastern markets. The ordinary price progression 
of the far western States gives higher prices as the Pacific ports are 
reached; Idaho and Montana, at a geographical disadvantage to 
eastern and Pacific markets, represent areas of lowest price. Because 
of the eastward rail movement in 1916 the geographic situation was 
reversed, and Montana wheat brought higher farm prices;similarly, the 
" price disparity between Pacific and eastern surpluses was widened, the 
higher rail freight being substituted for cheaper ocean rates. (See fig. 3.) 
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Notwithstanding the apparently bewildering lack of regularity in 
the individual price quotations, the application of statistical method 
to the great mass of numerical data which have been made the basis 
of the maps, and the use of a 5-cent unit to overcome minor differ- 
ences such as are due to grades, develop a sustained regularity in the 
geographic price comparisons. ‘The regional differences in farm prices 
reflect current economic conditions; they are changing slowly with 
the development of the country; subordinate to this general move- 
ment spasmodic deviations arise. 


BIER OI PES ay) 
STEEL 3 LIONTIAWVA 7-3O 


ia. 3.—Deviation from usual farm-price ratio, per bushel of wheat, Montana, Washington, and Kansas. 


DETAIL FARM PRICE MAP AND LOCAL PRICE CONDITIONS. 


Stability of farm prices where wheat traffic is in great volume, across Northern 
States. 

Mountainous regions and areas disadv aR EOTELy, placed as to transportation 
facilities; irregularity of prices therein; surplus wheat areas show lowest 
prices; deficient areas highest prices. 


Map 3 is designed to show local variations in the general price zones 
through the use of a 5-cent unit. 

Previous paragraphs have treated of the general direction of the 
price progressions. An examination of the price maps will disclose 
many small areas in which farm prices are higher or lower than 
in the surrounding territory. Greatest stability and slowest rate of 
increase attend the direction wherein grain traffic is in largest vol- 
ume—across the Mississippi, through Illinois and Ohio, toward the 
North Atlantic ports. Similarly, in the Pacific northwest, price levels 
rise steadily toward the seaboard. On the other hand, prices paid to 
farmers reach higher and more irregular levels within the arid interior 
and southwest, sections deficient in wheat production, with scanty 
population, having no points of large concentration, and drawing 
wheat in relatively small quantities. High figures’ usually obtain in 
regions of little or no wheat production. It will be noted that in: 
importing areas—as in the Appalachian region—not well served by 
transportation facilities, prices are high and irregular. Surplus areas 
not favorably situated as to transportation and markets show lowest 
farm prices, notwithstanding proximity to areas of higher prices, as 
will be seen in parts of Idaho and Colorado. 
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EFFECT OF MARKETS ON LOCAL FARM PRICE VARIATIONS. 


Prive elevations around wheat markets; influence of markets on farm price 
gradations; large wheat consumption of grain centers. 

Wheat receipts, shipments, exports, and flour production at chief markets in 
relation to total commercial movement. 

Consideration of price zones in connection with the great wheat 
markets located on Map 3 will indicate the relationship between 
grain centers and farm prices. In a report of the Industrial Com- 
mission‘ the grain territory tributary to the leading markets was 
mapped. In Map 4 this map is reproduced with the price zones of 
Map 3 superimposed. The effect on farm prices of proximity to the 
great wheat markets is apparent. On the north farm prices rise to 
a Maximum around Minneapolis; slightly farther south they gradu- 
ate upward toward Chicago and Milwaukee. Likewise, subordinate 
to the general price direction, higher levels obtain around Kansas 
City, St. Louis, San Francisco, and other important markets. Re- 
ports indicate that sections deficient in supply, east and south, draw 
the greater part of their wheat from these ‘‘primary markets’ — 
the points in which wheat is concentrated. in the first stages of its 
movement. Each of the markets has a territory from which it 
usually derives its wheat, freight rates being the determining 
factor, and farm prices tend to graduate in proportion thereto. 
A difference of a fraction of a cent in freight, elevating charges, 
etc., will alter the course of the wheat traffic. 

The great wheat markets are important, not only « as commercial 
centers and points of wheat concentration, but also as eventually 
consuming a large part of the domestic eheae A score of the 
largest markets represent about one-fifth of the total consumption 
of the country. It is estimated that the metropolitan district of 
New York consumes 30 million bushels annually—equal to the entire 
production of the Middle Atlantic States or the average surplus of 
South Dakota. A few of the western primary markets are simply 
reshipping points, with little local consumption. 

In Table II (p. 15) data have been assembled explanatory of the 
importance of the markets on geographic phases of farm prices of 
wheat. It will be noted that 13 primary markets receive some 
481 million bushels of wheat and wheat flour. Comparing with the 
figures in Table I, the North Central States (in which these markets 
~ are located) grow 540 million bushels, with shipments out of counties 
where grown aggregating 337 million. Allowing for considerable 
duplication and inaccuracies in reports of receipts, the degree of 
concentration is evident. Exclusive of the Canadian shipments, 
Buffalo alone handles somewhat less than one-fifth of the total 
wheat production of the country and the major part of the wheat 


1 Report of the Industrial Commission, Vol. VI. 
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destined for the east and northeast. In six Atlantic and Gulf 
seaports, receipts total one-half of the wheat east of the Rockies 
entering into commercial channels. To this should be added 
about 60 million bushels of Canadian wheat and wheat flour shipped 
in bond via Atlantic ports. A dozen cities around the Great Lakes 
mill one-fourth of the total wheat flour. 


Tasie II.—Leading wheat markets: Receipts, shipments,and flour production, in five- 
year averages (1911-1915). 


[Taken from unofficial returns. Figures for some markets are incomplete; allowance must also be made 
for duplication, intermediate markets crediting themselves with through shipments, etc.] 


(In figure columus 000 omitted.) 


Wheat and wheat 
Wheat. Wheat flour. flour.1 
Principal wheat markets. Disposition. 
e335 \ Saas Ewe Pro- Ship- Re- Ship- 
ceipts. ceipts. | duction.| ments. | ceipts. | ments. 
Milled Shioged 
EASTERN AND SOUTHERN 
SHIPMENTS. 

Primary markets: Bushels.| Bushels.| Bushels.| Barrels. | Barrels. | Barrels. | Bushels.|Bushels. 
Minneapolis 77,724 | 34,445 665 | 17,272] 17,776 | 119,049 | 114,437 
pant ee 4,851 | 60,684] 5,274] 1,078] 6,356) 89,186] 89,284 

anadian shipments 
in bond) ?.......-.. (G5828) | eee (6, 676) et wat aye see = * (6,828)| (6,676) 
Chicanos ee fe 58,680 | 4,694| 49,292| 8,304] 1,043 | 6,671] 96,453 | 79,243 
Kansas (Cire so opesocuee 46,549 | 10,292] 34,528 193 2, 287 1,929 | 47,417 43, 208 
Siplpuise sis * oso 29,529 | 5,643 | 22,463] 3,290] 1,254] 3,806] 44,344] 39,588 
wakes See ORS eee ae oar 3 x 812 ar a 3,320 eed oe 23, 832 21, 245 
Pa sre ES 8 a 5 079 16,964 | 11,079 
Cincinnatie 55.222 222... 4, 433 * 3,185 1,501 2 1,095 | 11,187 8,113 
Moleden ties 6,856 | 6,278] 3,995]; * 1,395| * 6,856 | 3,925 
Cleveland 225824202525 22. 2,939 1,476 961 696 328 168 6,071 1,717 
Wetton eee erie sen: 2,235 3, 298 1,066 346 733 396 3,792 2,848 
Indianapolis... .-........ 3.194} 2,151] 1,140 * 478 * 3,194 1,140 
Pe Ones eee Sats eden eS 2,390 * 2, 269 2,363 * 2,900 | 13,023 15,319 
oOtMemaaee sss sees oe 364,180 | 120,219 | 229,828 | 26,042 | 26,715 | 44,738 | 481,368 | 431,146 
Other markets: 
Bufialo— 
Domestic wheat.....- 3111,392 | 24,314 Re 38,330 5, 403 * 148, 877 * 
Canadian shipments 
IMP PONds- -fs-- 225 AGRO Tell etree cre ine: <= eee | Merete es | oy etry Tse ces ele le 46,497 |.-....... 
New York— 
Domestic wheat... .. 55,444 | 4,842 |448,120] 10,102] 1,076] 44,929 | 100,903] 470,300 
Canadian shipments 
__ ty alla] a0) 000 ae ei eee ZA OOOH Rae eee ses os. oc CPA pees seal Ress eg 28) 374 |...-.--26 
qpouedelobia: a ; 
omestic wheat... --. 22, 694 2,826 | 419,445 2,385 628 | 41,056 | 33,426 | 424,197 
Canadian shipments : ; ; ( : ‘ } 
Re bond: -seese se. SUS OO auc nermaten NS shi: AE INS Bi tees Aaa oa as OL 706: ene eras 
Baltimore— 
Domestic wheat...... 21, 752 * 419,950 | 1,920 * 4930 | 30,392 | 424,135 
ranadion shipments 
in bonds... 25.22. SOLO H | Berets talc ses Ga NN een Ae a" babe laa a ena ys Bi 2conmlee eee ste 
Boston— 5 ‘ 
Domestic wheat... .-. 14, 273 * 414,391 1, 961 eo 4668 | 23,097 | 417,397 
Canadian shipments l 
BREDONG eee LOFADOR eee as|sc os snes oho WA eta i A 1's) essosonne 
wy OU Seas 18, 005 * 416,886 | 2,087 * 41,362 | 27,397 | 423,015 
ewport News and Nor- 
HSN Ue a Sa Ie ee SR Eee ©3 VOOR eemeece on [Serer iG aie PA Eee e ...-| 44,140 
Galveston...........-.-.- 19, 818 * iyaliy/ Ussgeccsoe * 297 ! 19,818 19, 443 
* No reports. 


1 Flour converted to wheat at 44 bushels per barrel. 

2 Canadian shipments in bond are in addition to other figures. 
3 Lake receipts only. 

4 Exports, 
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TABLE II.—Leading wheat markets: Receipts, shipments, and flour production, in five- 
year averages (1911-1915)—Continued. 


Wheat and wheat 
Wheat. Wheat flour. laine: 
Principal wheat markets. Disposition. 
SC a ee MYC Pro- Ship- Re- Ship- 
ceipts. Ree ceipts. | duction.| ments. | ceipts. | ments. 
Milled. shi 
ipped. 
EASTERN AND SOUTHERN 
SHIPMENTS—Continued. 
Other markets—Continued. 

Portland, Me.— Bushels. | Bushels. | Bushels.| Barrels. | Barrels. | Barrels. | Bushels.| Bushels. 
Domestic wheat...... Ee BR Se se D588 Tal sie Sect poe ee Se peeenaeae 18,531 
Canadian shipments 

in bond...... Peed 7, 074 se * 197 Es * 960 aaa eee 

1G) S11 ee Se See Sse Oh Bee nee eile Mepebeeeel Metence sd SSB Woacoease 12,429 

Touisvilles 2. 0221222122) 5,035 | 25,670 135 2144 | 21,260 | 21,108] 5,683 5,121 

MenVers isso s eee see eee Op O16 Weed oan | ees EES el. coe... Bal eee SholGAl aes 

PACIFIC COAST WHEAT 
Seattle sesso 2 sae ceee ok 9,349 5, 020 4,678 548 1,049 1,243 | 11,815 10, 271 
MPacomia: 27st Sasso. fe ak oh 11, 902 6, 044 4,600 * 1,343 1,496 | 11,902 11,332 
SanshraneiscOsesse seer seaenes 6, 215 * 1 248 V260-) 2osescsis8 1210 | 11,885 11,193 
TerikweGl Oo cob ooeossockaus ve WEI) | pec eooase 13, 853: AIG ok See 997 | 19,651 18,339 
Spokane 2.22 see necen series MBSA) sae ee Rote otrel| cs es oteistesl| ez ee ell meee eee BSS Ik eee 5 
* No reports. 1 Exports. 2 Figures for 1915 only. 3 Averages for 1912-1915. - 


FREIGHT RATES. 


Most important element in price disparities represented by transportation costs. 

Export prices of wheat influence farm prices. 

Wheat takes a special rate; complicated rate structure; effect of reshipping, 
distance, and milling-in-transit rates on farm prices. 

The national wheat surplus, that is, the exports, constituted during 
the past 10 years, from 11 to 37 per cent of the production. It is 
the price received for this surplus which, broadly stated, tends to 
regulate the farm prices of the entire crop. Preceding maps have 
outlined the gradual elevation in the farm prices of wheat toward 
the seaboard, with minor increases culminating as each of the great 
markets is reached. In this progression a preponderant factor is 
cost of transportation, other items of distributive expense being 
usually in fractions of 1 cent per bushel. Evidently a definite pro- 
portion tends to exist between prices prevailing at the different 
markets, domestic and foreign, measured principally by differences 
in freight. In foreign markets tariffs often supervene to disturb 
this relationship. Prices paid to farmers for wheat tend to graduate 
from the markets in proportion to freight charges thereto. In 
surplus wheat areas farm prices decrease steadily with distance from 
markets, while in areas raising insufficient wheat for home needs 
prices are apt to be higher than they are near large markets, the 
increase in price being affected by Pee rates from the nearest 
surplus points. 


(NoTE—The difference in price between any two regions may be regarded as practically stable, regardless of changes in the 
Bulletin 594 U. S« Department of Agriculture. prices themselves. This map serves as an index of geographic variation in farm prices) MAP 3 
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EFFECT ON FARM PRICES OF WHEAT OF NEARNESS TO OR REMOTENESS FROM GRAIN MARKETS. 


(Rignres and color areas represent farm prices of wheat as given on Map 3. The territory from which each market or group of markets receives most of its wheat is outlined 


on the map by an etched border. 


(Bulletin 594 U. S, Department of Agriculture. MAP 4. 


E OM 1 ¢ 


80% Ux TAS @ 
CH/CAGO— OCA pte 0 


, AG 


oe Oe wu. = WT” RTT) 
a i 
/ A =—_- a a, Cott LMT. gee 
=e OR 
=z A == CPUCAGE 


B5eU 


FLOWS OR CHICAGO 


! } 95 ¢ GH 9 0¢ fe 85 FSS 804 75¢ GEOGRAPHY OF WHEAT PRICES. 


wT st4 me is ae vy | 
en ented SA nang pmcinemst titantron te oe 
Cae Girt ou 


aaa J ‘ 7 Pa = 
rie eevee on orem : POO ary fees tm <a at Ain Sa yw a She Sali <icachah 


) 


: 
Ni 


ere A t 


EN oh oa at 


n Set ek pairnetis 
2 ] 


Os) ene 


GEOGRAPHY OF WHEAT PRICES. 17 


For the purpose of presenting concretely the effect of transportation 
charges on regional differences in prices paid to farmers, such charges 
may here be divided into the two general classes of export (or ocean) 
and domestic freights. Ocean freights fluctuate greatly, but taking 
the year 1913 as one in which normal conditions prevailed, the 
following illustration will serve : 


Average ocean freights per bushel of wheat, 1913. 


To Liverpool, 


Brom England. 
: Cents. 
INGRVENIOL Nerina eo oe sists omen oasise me ciacn ces cplws on oS CREE eee ela cisaeioe set cece seer 5.6 
ESM RERIONG propre oa ele ttet=isiae ne Se eie ie eiteiee aco aS = cinl= asics eee nmap ea sia tie s-\lrin esis seisteetsse oe 6.6 
Neary On Ost S ear eee rete ee ite a rise pa sic=) stats S:cterd ia ciero a (eis. 2 SER aes Sietesin oer cite oe seinicivie cise 8.8 
Calompim River aAndUP User COUN te. «aces sci-- =» -- seers -teiceisic sels cei Seen 21.0 
Export wheat, all rail, carload lots, 1913, per bushel. 
From— | To— Cents. 
(CGE SO). esd pk eee ieee +e eek Sonne op SEBO RGe BECP epBeS- 6 sosccsaoceaeRe | New: York. 9-222 - 10 
ENG ASIC yee ertae ain = 2 eee ee win te Sse oa oe'e 2 oS SS eee sella f (6 Co ear he ee 15 
DO ccccc SORE SES BD BAER OSE ee Eps Aes ottae Se ta ae nt 5.0, Se ae earns | New Orleans. ....-. 11.1 


Thus the normal difference of about 5 cents per bushel in favor of 
Chicago, in the total transportation costs to Liverpool, as compared 
with the rate from Kansas City, represents also the disparity in the 
farm prices of adjoining territories, as will be seen by reference to 
map 3. 

Similarly, the Pacific Ocean rates quoted above, although consid- 
erably cheaper than rail freights eastward, are yet nearly four times 
the ocean freight from New York. This higher transportation cost 
to European markets is an important factor in the lower prices 
received by Pacific wheat growers. 

The line of cleavage between Pacific and eastern markets may be 
noted in the following rates from the area of lowest wheat prices: 


Approximate transportation costs from Blackfoot, Idaho, to Liverpool, England (1913), 
per bushel of wheat. 


Via Pacific: Cents. | Via Atlantic: Cents. 


By rail to Seattle or Tacoma. . 24 By rail to New York.....-.--- aoe2 
Ocean freight to Liverpool... . Al New York to, Liverpoot....... 5. 6 
“TDS arlene ee aie aie as 45 SOG ae et. ah SSRIONE NOS a: 44,8 


Transportation costs from Kansas City to Liverpool (1913) were about 20 cents per 
bushel. This difference of 25 cents, compared with the above, is reflected in the 
farm prices in surrounding areas—65 cents as against 90 cents. 

In the internal commerce, wheat takes a special or commodity 
rate, with a complicated rate structure adapted to the characteristics 
of its commercial movement. The freight rates on grain are con- 
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stantly changing, but their main features are constant; also the 
elaborate rate structure which accounts for many geographic price 
differences. Only a brief statement of a few phases of wheat rates, 
in so far as they relate to the geography of farm prices, is possible here. 

In connection with large areas of equal price in the wheat belt, it 
may be noted that although length of haul is an important element, 
the freight rates are not directly in proportion thereto. The following 
example is pertinent: 


Distance rates between points in Kansas and Oklahoma, Atchison, Topeka & Santa Fe 


Railway. 
[Rates per bushel of wheat (carload lots) in 1916.] 
MOH 14 maples Heels Aree We cie Met mete a Voie loka eae Lae le ig hd erect ere ely ena $0. 03 
D1 OO jamal esters 2 Se SR Ea cote AL a ee emo TL cu a ne er Ie ve eG . 069 
196-200 miles.........-- Bs RT 9 ara a OE ag eee eo eh pins tl . 093 


Thus 20 times the distance takes only 3 times the 10-mile rate. 
The wheat rate from Chicago is the same to all points in New England; 
the rate to Baltimore applies also to Richmond and Newport News. 
The freight rate from the trans-Mississippi wheat belt to our south- 
eastern States usually is higher than to England. Export wheat 
moves to the seaboard at lower freight rates than does wheat in- 
tended for domestic consumption. 

The natural tendency toward wheat concentration in the great com- 
mercial centers is enhanced by their use as rate-basing points, as well as 
by the reshipping and milling-in-transit rates. Flour usually takes a 
higher rate than wheat, but by the milling-in-transit privilege wheat 
may be stopped at some point en route, milled, and the product 
moved on again at the original rate charged for a through wheat 
shipment! to the eventual destination, instead of paying the local 
rate to the milling point and local flour rate to the destination. By 
means of the reshipping rate wheat may be moved into a primary 
market, say Chicago, and shipped on again, taking the through rate 
to the final destination instead of the sum of the local rates. 


All-rail freight rates per bushel of wheat, in 1916 (carload lots). 


To Baltimore, To Boston, 

To Buffalo,|} Washington, To New Portland, 

From— Wheeling, | Rochester, York and New 

Pittsburgh.| Newport 3 England 

News. points. 

. mocalitatelene sae saes $0. 09 $0. 113 $0. 131 $0. 143 
Citcg ooo mesteus?--WReshippiis rate 2 .06 083 101 ‘113 
Sesh ae et TGCHD Tate sc tes eed |e enenice .10 . 108 . 108 
IWR See seas Reshipping rate._.....|..--...----- 069 .078 078 

Toledo or Delaware, Ohio, through local rate-.-.--- -06 -08 -098 ll 


Thus the local rate applying on wheat originating at or near 
Delaware, Ohio, or Toledo is about the same as the reshipping rate 
from Chicago, which applies to practically all shipments from that 


1 In some cases railroads apply the through flour rate to such traffic. 
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point. Reference to the maps will indicate the effect of this rate, 
as well as of the low rates via the Great Lakes, in the equality of farm 
prices near Chicago with those farther east and much nearer the 
seaports. 

Still another complication is the difference in freight rates between 
carload and less-than-carload lots, which would particularly affect 
regions in which wheat traffic is small. 


OTHER PRICE FACTORS. 
Distinct use made of certain varieties of wheat, with individual price conditions. 
Local value of mill by-products; discriminatory effect of tariffs and freights 
on flour production. 

Another factor affecting farm price is the demand for one kind of 
wheat compared with the demand for another kind. Thus durum or 
macaroni wheat meets a distinct demand in export and domestic 
trade; the hard spring and winter wheat is highly esteemed for 
bread making, and the softer wheats are considered better adapted 
for use in pastries. A general practice exists of bringing up the 
gluten content of the softer wheats by an admixture of the harder 
varieties. For example, notwithstanding the general easterly and 
southerly movement of hard Kansas wheat, some of it is shipped 
westward to Denver, where it is blended with the softer irrigated 
wheats. | 

The economic advantages of milling wheat close to the sources of 
raw material are offset in part by higher freights on flour, in part by 
local values of mill by-products, and by characteristics of the re- 
shipping and milling-in-transit freight rates. Then, too, foreign 
tariffs frequently discriminate against flour imports, up to the point 
of absolute prohibition. It is usually considered that, on an average, 
44 bushels of No. 2 hard wheat produce one barrel of flour (196 
pounds) and 70 pounds of feed, with 4 pounds of loss. 

- In concluding it may be added that, manifestly, from the very 
nature of the case, only the broad general conditions applying to the 
regional price differences can be entered into here. No single set of 
conditions alone determines a price, but each more or less determin- 
able factor is influenced by other elements. Hence the treatment of 
causes has been intended as merely indicative and concerned primarily 
with the mention of some of the more noteworthy ones. In a publi- 
cation of this character it has seemed best merely to set forth facts 
and conditions, with the avoidance, so far as pels of discussions 
of economic hiss. 


SUMMARY: PRICE VARIATIONS AND ATTENDANT CONDITIONS. 


In the selection of crops for which climate and soil are fitted, 
geographic differences in producers’ prices constitute a potent factor. 
Isothermal lines indicate zones of like temperature; in a similar 
manner farm prices group themselves geographically into zones, 
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responding to economic conditions attending the transit of wheat from 
areas of supply to those of demand. These zones vary with each 
product. 

Sectional price ratios are not fixed; dynamic in character, they 
shift slowly with general economic changes. Moreover, temporary 
upheavals frequently occur in price relationships, in response to 
changes in local and general price factors. 

The lowest farm prices appear in the surplus areas of Idaho and 
Montana, with small consuming populations and most, disadvanta- 
geously situated as to foreign markets, having a short rail but a long 
ocean haul westward, a long rail and short ocean haul eastward. 
From this pivotal area wheat prices graduate upward in every 
direction, following closely the movement of wheat toward the areas 
of deficient production. Toward the Pacific they imcrease to the 
west and south; toward the Atlantic the price graduations flow to 
the east and south, with maximum prices in the southeast. 

Subordinate to the general price current, localities with higher or 
lower price levels than those in the surrounding territory may be found, 
responding to peculiarities of the commercial wheat movement. Com- 
parativestability and small local differences in prices appear in the great 
wheat-producing sections, which have great volume of wheat traffic, 
competitive primary markets, and elaborate freight adjustments. 
Where wheat moves in smaller volume, greater price irregularity as 
well as higher prices obtam. In the mountainous areas raising 
insufficient wheat, as, for instance, m the Appalachian region, farm 
prices are higher; on the other hand, western exporting areas unfa- 
vorably situated as to transportation show lower prices, notwith- 
standing geographical proximity to regions of higher price. 

A large part of the commercial wheat appears in a limited number 
of markets, with highly organized distributive systems. Each hasa 
territory from which it ordinarily receives its supplies. 

The largest single element in the regional price disparities is 
represented by freight rates. Though subject to change, in their 
main features they are constant in their influence on price conditions. 


FARM PRICES CORRELATED WITH COSTS OF PRODUCTION, BY STATES 
AND SECTIONS. 


Yields to the acre and costs per acre of wheat qualifying sectional price advan- 
tages. 

Factors which enable areas with lowest priced wheat to show greatest net 
return. 

A distinction should, of course, be drawn between gross price and 
net price to producers. Two qualifying factors appear in yields to 
the acre and costs per acre. Price and cost elements have been 
assembled in Table III (p. 22). 

Costs of producing wheat are on an acreage basis; high yields 
depress and low yields increase costs per bushel. Figure 4 has 
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been added to throw into relief the proportionate significance of these 
factors. It will be seen that areas of high price show minimum net 
returns, higher prices per bushel being offset either by high acreage 
costs or such relatively low yields to the acre as to make the per 
bushel cost high. Varying land rental or interest charges, as well as 
costs of commercial fertilizers, are also shown. 

In the South Atlantic States we see the highest price per bushel 
but lowest yields to the acre, hence highest proportionate cost per 
bushel, reducing returns per acre (see lower chart) to a point only 
slightly over costs. The New England and Middle Atlantic States, 
with high prices and high yields, show large returns per acre, offset 
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Fic. 4.—Wheat: Farm prices, yields, and costs of production, by geographic divisions. (For details, see 
Table III, p. 22.) 


by highest costs to the acre (in which high fertilizer and land-rental 
charges enter). On the other hand, the Mountain and Pacific States, 
with low prices per bushel but high yields, show in the lower chart 
high returns per acre and lowest costs. 

Details follow in Table III. Relationships can best be seen in the 
percentages, basing the United States figure as 100 per cent. Thus 
we see in Montana, price per bushel is 85 per cent (compared with 
the United States as 100), but average yield is 167 per cent, and 
correlating the two in value per acre, 142 per cent; cost of production, 
excluding land rental or interest, 117 per cent; finally, ratio of returns 
to cost 201 per cent. 
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Recent figures for cost of production in the United States are not 
available for any recent period, hence an old inquiry (1909) has been 
used. For the present purpose of comparing cost conditions in one 
section of the country with another the figures still possess value. 
Prices and yields employed are averages for the five years, 1911-1915. 


RETROSPECTIVE VIEW, 1871 TO 1915. 


Present tendencies. 

Changing sectional price advantage; minimum price moving west and north; 
decreasing disparity in prices between surplus and deficient wheat regions; . 
shifting conditions in Mountain States. 

Trend of yields to the acre, by States and sections. 

Trend of value per acre, coordinating price and yield, by States and sections. 

Geographic changes in population; wheat production and acreage; per capita 
production. 

Importance appears to attach to the fact that the geographic 
differences in farm prices are not fixed; that, on the contrary, they 
are dynamic in character, changing with producing and distributive 
conditions. Each factor herein is variable. The result may be 
likened to a slowly moving current in which more or less strong 
eddies are produced by diverse causes, each circle impinging and 
merging into the general flow. Mere reference is sufficient here to 
the continuing agricultural readjustments within the United States, 
coincident with the westward movement of population, grain, and 
live-stock production and markets; the transitions from surplus 
grain production, low land values, and relatively low prices, to a 
more diversified farming, higher land values, prices, etc.; the in- 
creasing wheat deficiency of the older regions, and more recently, 
development through irrigation of the arid interior. The distance 
between the eastern areas deficient in wheat production and the 
surplus-producing territories to the west has steadily widened; this 
has to some extent been offset by cheapening costs of transportation 
as well as lower marketing expense. Prices have responded to these 
transformations, and present geographic tendencies therein may be 
seen through their indicated development. 

The reflection of economic changes can be seen in Table IV (p. 26), 
showing shifting in geographic price advantages of wheat, from 1871 
to 1915. A ‘“‘wave length” of five years was employed to avoid 
unusual variations. Particular attention is directed to the per- 
centages, based on the United States figure as 100 per cent. 

The minimum farm price has moved steadily north and west. 
In 1871-1875 it appeared in Nebraska; in 1891-1895 in the Dakotas; 
and in 1911-1915 in Idaho and Montana. During the period covered 
by Table IV, geographic differences in wheat prices, although still 
large, have narrowed notably; particularly is this true as between 
importing eastern and exporting western States. The diminishing 
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price spreads have been attended by decreasing transportation costs 
and development of distributive methods; also by a decline of wheat 
growing east of the Mississippi, as well as by comparative concen- 
Fig. 5.—Decreasing farm-price differences between Pennsylvania (importing 
State) and Minnesota (exporting State). 


FIVE KFEAR FEFIODS, 1871 JOVHS 
187-5  /882-6 (891-5 S9Ol-8 60-15 


1871-75 | 1882-86 | 1891-95 | 1901-5 | 1911-15 


Pennsylvania. .| Per cent. - 125 123 122 117 lil 
Pricetes--- $1. 27 $0. 96 $0. 73 $0. 84 $0. 97 

Minnesota. ..... Per cent 74 88 95 97 99 
Price.....-| $0.75 $0. 69 $0. 57 $0. 70 $0. 86- 


tration of the national wheat production within the West North Cen- 
tral group. A steady increase may be seen in the relative prices of 


Fig. 6.—Changing farm-price ratios, Idaho (transition from importing to 
exporting State) and Oregon (exporting State). 


A FIVE KEAR PERIODS, 187/70 7WS 
VE 71S. 1882-6  /829/-5. —((9Of-8—— 11-035 


Percentages. 


1871-75 | 1882-86 | 1891-95 | 1901+5 | 1911-15 


IGEN) + -Heessace Per cent. .|......--- 115 98 97 83 
iBricesseeea ee eae cece $0. 90 $0. 59 $0. 70 $0. 72 
Oregon..-..---- Per cent - 83 “92 98 96 94 
Price...-.. $0. 85 $0. 72 $0. 59 $0. 69 $0. 82 


the great wheat States of this group compared with the United 
States as a whole; on the other hand, a rapid decrease took place 
in the Mountain States. Farmers in wheat-importing States of the 
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Mountain division still receive relatively high prices for their wheat, 
but in wheat-exporting regions of this division the lowest farm prices 
prevail. 

As an ilustration, in figure 5 the course of price differences 
between Pennsylvania, an importing State, and Minnesota, an 
exporting wheat State, has been plotted. The difference in the 
price per bushel at the first period (1871-1875) was 52 cents; at 
the last (1911-1915), 11 cents. 

Similarly, in figure 6 the course of prices in Idaho, showing a 
transition from a State producing insufficient wheat at the beginning 
of the period to its present status as an exporting State, has been > 
compared with that of Oregon, an exporting State. When a defi- 
ciency State the disadvantage of its position resulted in a wheat price 
in Idaho 115 per cent of the United States average; and as an ex- 
porting State, disadvantageously situated as to wheat markets, its 
ratio has declined to 83 per cent of the average; but Oregon, a 
consistently exporting State, has increased its price ratio from 83 to 
94 per cent. 

_ Details are shown in Table IV. 


Taste I1V.—Farm prices of wheat, 1871 to 1915. 


[A review, by States and sections, of the trend of geographic price differences.] 


Measurement of changes in percent- 
Farm prices per bushel, in 5-year ages of the United States average 
averages. as base (100 per cent). 


State and geographic division. 


1911- | 1901— | 1891— | 1882- | 1871— | 1911- | 1901— | 1891- | 1882- | 1871- 
1915 | 1905 | 1895 | 18861 | 18752) 1915 | 1905 | 1895 | 1886! | 1875 


Cents. | Cents. | Cents. | Cents. | Cents. | P.ct. | P.ct. | P.ct. | P.ct. | P.ct. 


United States........... 87 42 60 78 102 100 100 100 100 100 
New England..........._. 104 100 90 122 151 120 138 150 156 148 
Middle Atlantic........._- 99 86 76 97 131 114 119 127 124 128 
East North Central... .... 94 79 62 81 102 108 110 103 104 100 
West North Central....._. 85 67 53 66 81 98 88 85 79 
South Atlantic............ 110 93 79 100 136 126 129 132 128 133 
East South Central....... 106 90 76 98 124 122 125 126 125 122 
West South Central....--- | 93 79 69 94 132 107 110 115 121 129 
Mountains ene nee een aee 86 81 68 OS ereees 99 112 113 1? ease ss 
Pacifices eae wal aires 85 71 59 75 102 98 99 98 96 100 

New Ene and: 
New ew Homa 
Vermont i552 eras oe 
Massachusetts. . 
Rhode Island. - 
Connecticut..........-..-- 
Middle Atlantic: 
INew Yorkies se ease: 99 87 78 97 131 114 121 130 124 128 
ew Jerseys ae 2st ae 101 86 78 99 136 116 119 130 127 133 
mnsylvania....-...-...- 97 84 73 96 127 iil 117 122 123 125 
Bast North Central: 

Hig. sc eRe es cae 98 83 65 87 110 113 115 108 112 108 
Indiana 2) Oe ia 95 81 61 82 102 109 112 102 105 100 
TWinois esse eee eee 93 77 59 78 95 107 107 98 100 93 
Michigan ee eecaseees sere 95 81 65] - 88 114 109 112 108 106 112 
Wisconsin.......-.---.--- 90 75 60 76 87 103 104 100 97 85 


1 1882-1886 taken instead of 1881-1885 in view of availability of statistics for a larger number of States 
beginning 1882. 
2 Values reduced to gold basis. 
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Tasie LV.—farm prices of wheat, 1871 to 1915—Continued. 


State and geographic division. 


West North Central: 


Minnesota cscssssepeee5 2: 


INGDTASK Ate 2 Nene e 
UiGhike Si) GER SSS Re heel eas 
South Atlantic: 


West Virginia............. 
North Carolina...........- 


South Carolina...........- | 
GBOTPI en osc sessions ck | 


Colorado asec ts. 2 


New Mexico.-----.-...-.. 
PATIZ OM acne sya ho dee tase 


Farm prices per bushel in 5 year 
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Measurement of changes in percent- 
ages of the United States average 


averages. as base (100 per cent). 
1911- | 1901— | 1891- | 1882— | 1871— | 1911— | 1901— | 1891- | 1882- | 1871 
1915 | 1905 | 1895 | 18861 | 18752] 1915 | 1905 | 1895 | 18861 | 1875 
Cents. | Cents. | Cents. | Cents. | Cents. | P.ct. | P.ct. | P.ct. | P.ct. | P.ct. 
86 70 57 69 75 99 97 95 88 74 
85 68 57 66 71 98 94 95 85 70 
92 75 56 75 98 106 104 93 96 96 
84 65 49 97 90 82 
s2| 621 50 \ SS [ecesaec { 94| 86] 83 \ Bil feccecee 
81 62 50 57 66 93 86 83 73 65 
86 67 51 63 94 99 93 85 81 92 
98 83 71 96 135 113 115 118 123 132 
97 82 74 94 130 111 114 123 121 127 
102 87 72 93 122 117 121 120 119 120 
104 88 74 93 117 120 122 123 119 115 
111 98 80 103 128 128 136 133 . 132 125 
131 108 95 114 174 151 150 158 146 171 
124 104 90 109 146 143 144 150 140 143 
99 85 65 85 105 114 118 108 109 103 
101 87 66 86 109 116 121 110 110 107 
120 98 90 108 133 138 136 150 138 130 
104 92 82 111 147 120 128 137 142 144 
95 83 70 96 128 109 115 117 123 125 
Meisel | 60) (ec... cc amen Re gone Gi [Sia ere a ce a vs 
99 86 68 91 137 114 119 113 117 134 
74 71 68 O2F Res vou 85 98 113 AL Bia Dears asec 
72 70 59 0) | Sa 83 97 98 A eee 
83 77 68 BSiiees Oo. 95 107 113 U3) | eee oe 
80 74 61 BOUEE ae 2. 92 103 102 NOR Weosoess 
93 86 80 1083 ||. 52ao8e 107 119 133 IGP oe Seeao 
111 103 77 LOD Hee oat 128 143 128 pike ear 
78 76 59 TOM cei ete 90 106 98 LOO) | Baeeeee 
93 91 72 99 164 107 126 120 127 161 
79 65 52 Biles 2-2 91 90 87 QA See aes 
82 69 59 72 85 94 96 98 92 83 
95 79 67 80 120 109 110 112 103 118 


1 1882-1886 taken instead of 1881-1885 in view of availability of statistics for a larger number of States 


beginning 1882. 


2 Values reduced to gold basis. 


Data associating shifting geographic differences in farm prices per 
bushel of wheat with trend of yields to the acre are given in Table 
V (p. 28), and value per acre in Table VI (p. 29). 


are self-explanatory. 


These tables 


Absolute figures as well as percentages are 


given, but the changes can be followed more easily through the 
percentages based upon the United States figure as 100 per cent. 
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TABLE V.—Wheat: Trend of yields per acre, 1871-1915. 


[Limitations of soil and climate, reflected in yields per acre, as qualifying price factors.] 


State and geographic division. 


Yield per acre, in 5-year averages. 


United States. -..------ 


New Engl 


Middle Atlantic 


andes eee 


East North Central. ...---- 
West North Central. ------ 
South Atlantic......-..--- 
East South Central... .---- 
West South Central-...-.-- 


Mountain 
Pacific - -. 


New England 
Maine. ..- 


New Hampshire.....------ 


Vermont. 


Massachusetts 


Rhode Island. . ---- Bs 

Connecticnt a. <2 =-e------ 
Middle Atlantic: 

ING WenyOn knee fee ee ee 


New Jerse 


Woscessceccesoscs 


Pennsylvania. -..--------- 


Indiana. - 


Michigan. 


SouthnwDakotass ess soos" 
INebraskactoetcn Sse ee tcece 


South Atlantic: 
Welawaree cee see cose 


Maryland 
Virginia. . 


West Virginia. -...-==.--=- 


North Car 


Olin. s-scease nee 


East South Central: 
Kentickyseeestrseuee fe 


Tennessee 


West South Central: 


Arkansas. 


Montana. 


Washington...........-.-- 
Oregone a ee ee 


California 


Comparison of changes in percent- 
ages of the United States average 
as base. 


1911— | 1901— | 1891- | 1882- | 1871- | 1911- | 1901- | 1891- | 1882— | 1871- 

1915. | 1905. | 1895. | 1886. | 1875. | 1915. | 1905. | 1895. | 1886. | 1875. 

Bu. Bu Bu. Bu. 130k WAGE Wee (Gin \| Jena lentgin | 12. rae 
15 14 13 12 12 100 100 100 100 100 
26 22 20 16 16 173 157 154 133 133 
19 16 15 14 14 127 114 15} 117 117 
17 15 15 13 12 113 107 115 108 100 
15 14 13 13 13 100 100 100 108 108 
13 10 10 8 9 87 71 77 67 75 
13 9 9 6 9 87 64 69 50 75 
13 10 10 8 13 87 71 77 67 108 
26 23 19 nb enero S 173 164 146 AD hee Ssioee 
21 18 16 15 16 140 129 123 125 133 
25 24 18 14 14 167 171 138 117 117 


113 107 100 92 92 
107 107 115 100 92 
87 64 77 67 67 
93 71 85 83 83 
73 50 54 50 58 
73 50 46 50 50 
73 50 54 50 58 
87 71 92 75 83 
80 64 69 50 67 
80 64 62 50 67 
93 64 62 42 83 
80 64 69 58 83 


21 16 
18 15 
17 16 
16 15 
15 14 
16 15 
17 15 
19 16 
14 13 
19 13 
15 14 
13 14 
11 12 
17 17 
14 14 
17 15 
16 15 
13 9 
14 10 
11 7 
11 7 
11 7 
13 10 
12 9 
12 9 
14 9 
12 9 
12 12 
14 10 
25 26 
28 23 
26 23 
22 23 
22 18 
30 23 
25 23 
29 27 
24 24 
22 19 
16 11 
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TaBLe VI.—Wheat: Gross returns per acre. 


a4 


(Coordinating price per bushel and yield per acre. A review of the trend of returns per acre of wheat, 
1871— 1915, and measurement of tendencies in absolute and relative figures.] 


State and geographic division. 


United States 


New England 
Middle Atlantic 


New Hamsphire 
Vermont 


Rhode Island 
Connecticut 
Middle Atlantic: 
New York 


South Atlantic: 
Delaware 


Warciminemese se 22 ree 
WIESE VATSINIA = 2). c se. 
North Carolina. -.2...-.2-: 


BATT One ee Ae ee 
WR a er ei i gt 


Gross returns per acre, in 5-year 


Comparisons in percentages of the 


averages. United States average as base (100). 

1911- | 1901- | 1891—} 1882— | 1871- | 1911- | 1901- |.1891- | 1882- | 1871- 

1915 | 1905 | 1895 | 1886 | 1875 | 1915 | 1905 | 1895 | 1886 1875 

Dolls.| Dolls.| Dolls.| Dolls.| Dolls.| P.ct. | P.ct. | P.ct. | P.ct. | P. ct. 
13.05 | 10.08 | 7.80 | 9.36 | 12.24 100 100 100 100 100 
27.01 | 21.88 | 17.40 | 19.45 | 23.30 207 217 224 208 190 
18. 49 | 13.42 | 11.45 | 13.30 | 18. 40 142 133 147 142 150 
15.61 | 11.90} 9.31 | 10.90 | 12.56 120 118 119 116 103 
12.53 | 9.27] 6.91] 8.36 | 10.52 96 92 89 89 86 
14.32] 9.01} 7.61] 8.31 | 11.46 110 89 98 89 94 
13.49 | 8.36) 6.88] 6.21 | 11.14 103 83 88 66 91 
11.86 | 8.12] 6.89] 7.91 | 17.36 91 81 88 85 142 
22.26 | 18.81 | 12.84 | 15/10) iss 171 187 165 LG Wale ee ae 
17.40 | 12.47 | 9.39 | 10.93 | 15.28 133 124 120 117 125 
26.75 | 23.76 | 16.74 | 18.20 | 22.12 205 236 215 194 181 
27. 27 | 20.00 | 18.06 | 20.70 | 24.48 | 209 | 198 | 232 | 221'|""" “300 
Lids SSRIS RGIS 55 522 nese ka| sho scor| bonecee|podeead| bcos ss 4!/.oosesa|lpcoosne Jocceeee|ere eee [eee eee e|e eee le 
20.79 | 13.92 | 12.48 | 14.55 | 17.03 159| 138 160 155 139 
18.18 | 12.90 | 10:92 | 12.87 | 20. 40 139} 128 140 137 167 
16.49 | 13.44 | 10.95 | 12.48 | 17.78 126 133 140 133 145 
15.68 | 12.45 | 10.40 | 11.31 | 13.20 120 124 133 121 108 
14.25 | 11.34] 9.15 | 10.66 | 11.22 109 112 117 114 92 
14.88 | 11.55 | 8.85] 9.36 | 11.40 114 115 113 100 93 
16.15 | 12.15 | 9.75 | 13.28 | 14.82 124 121 125 142 121 
17.10 | 12.00] 8.40] 9.88] 12.18 131 119 108 106 100 
12.04] 9.10} 8.55] 8.97 | 11.25 92 90 110 96 92 
16.15] 8.84] 8.55] 7.26] 8.52 124 88 110 73 70 
Be. 80 | 10.50 | 7.28) 8.25 | 11.76 ae eh 93 88 96 

10.92 | 9.10] 6.86 9 88 

9.02] 7.44| 5.50 |f & 92 |------- { 69| 74| 7 \ O4 |...---- 
TBE | 10154] 35550) (Peele Ta 92 106 105 71 79 65 
12.04] 9.38] 6.12] 9.45 | 13.16 92 93 78 101 108 
16.66 | 12.45 | 9.23 | 10.56 | 14.85 128 124 118 113 121 
15. 52 | 12.30 | 11.10 | 11. 28 | 14.30 119 122 142 121 117 
13.26 | 7.83] 7.20] 7.44] 9.76 102 78 92 79 80 
14.56 | 8.80] 8.14] 9.30} 11.70 112 87 104{ ~~ 99 95 
12.21] 6.86] 5.60] 6.18] 8.96 94 68 72 66 73 
14.41 | 7.56] 5.70} 6.84 | 10.44 110 75 73 73. 85 
13.64 | 7.28] 6.30] 6.54 | 10.22 105 | 72 81 70 83 
12.87 | 8.50] 7.80] 7.65 | 10.50 99 84 100 82 86 
12.12) 7.83 | 5.94} 5.16] 8.72 93 78 76 55 71 
14.40 | 8.82] 7.20] 6.48 | 10.64 110 | 87 92 69 87 
14.56 | 8.28] 6.56] 5.55 | 14.70 112 81 84 59 120 
11.40 | 7.47] 6.30] 6.72 | 12.80 87 74 81 71 105 
HTO:32U FS 28 | 2... | eee eS fs) | eee (ee | ops ll ama 
13.86 | 8.60] 7.48] 9.10 | 21.92 106 85 96 97 179 
18.50 | 18.46 | 14.96 | 16.56 }....._. 142 183 192 Wp | Fs ce 
20.16 | 16.10 } 11.80} 15.30 |..__... 154 160 151 NGSE eee 
2A oS Lie |) 13560) 145 oGnimeeee 165 176 174 160} eee 
17.60 } 17.02 | 11.59 | 15.20 j--._-_- 135 169 149 NG 2a oe 
20. 46.| 15. 48 | 12.80 | 13-398)2 220: 157 154 164 1 eee 
33.30 | 23.69 | 13.09 | 14.28 |....._- 255 235 168 UGE) eeeaced 
19° 50)|| £7248) | 11221 || 135265 eee 149 173 144 VAD aa eee = 
26.97 | 24.57 | 13.68 | 17.82 | 34.44 207 244 175 190 281 
18.96 | 15.60 | 8.84 | 11.68 |___.._. 145 155 113 LPI anes os 
18.04 | 13.11 | 10.62 | 11.52 | 16.15 138 130 136 123 132 
15.20} 8.69| 8.71] 9.60] 14.40 116 86 112 103 118 
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TREND OF WHEAT PRODUCTION IN RELATION TO POPULATION, BY 
STATES AND SECTIONS. 


Although production nearly trebled since 1871 in proportion to population, it 
has remained stationary since 1882-1886. 

A generally diminishing proportion of improved acreage in wheat, increased 
production being due to new brought areas under cultivation. 

Increasing wheat deficiency east of the Mississippi. 

Only in the Mountain States is wheat production increasing more rapidly than 
population. 

Finally, in Table VII (p. 30), are assembled some of the funda- 
mental factors in this retrospective review of prices and price con- 
ditions from 1871 to 1915. Units of measurement are geographic 
divisions (to permit of a general view) and States. The rate of 
increase of population in relation to wheat production is given in the 
per capita figures; the shifting in sources of wheat is indicated by 
State and sectional percentages of the United States production 
from decade to decade, as well as by the fractions of the total im- 
proved land occupied by wheat. 

Although during the period covered by this table the wheat pro- 
duction in the United States almost trebled, in proportion to popula- 
tion it has remained stationary since 1882-1886 (8.2 bushels per 
capita as against 8.3 bushels in 1911-1915). Moreover, a notable and 
general decline is registered in the proportion of wheat in the total 
improved land, even in the wheat belt, showing that the increase in 
production was due to new areas being brought under cultivation, as 
well as to some slight progress in the yields to the acre. This would 
be shown more markedly in the last period but for the unusually large 
wheat crops of 1914 and 1915, due to the stimulating effect of dis- 
turbed international conditions. 

The proportion of wheat produced east of the Mississippi dropped 
from 62.2 per cent of the United States total to 26.2 per cent. The 
East North Central division shows a decline from 38.5 per cent of the 
national total to 15.4 per cent (Wisconsin dropping from 19.5 to 1.5 
bushels per capita); the West North Central division has a corre- 
sponding gain. But even in this last division, now producing over 
half the total wheat, the rate of increase has suffered a notable decline, 
and population increase is rapidly outstripping wheat production. 

It is only in the Mountain States that any considerable recent 
growth in the ratio of wheat production to population is shown, but 
here also it appears to be traceable to new areas brought under culti- 
vation. As yet this region, though gaining at a rapid rate (increase 
of 265 per cent of 1911-1915 over 1901-1905 as 100 per cent), con- 
tributes but 7.5 per cent of the total wheat. According to the 1910 
census, 2 per cent of its area was then improved, but withm recent 
years irrigation has added much territory to the producing regions. 
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Map 7.—Per capita wheat production, by States, 1911-15. 


[Circles and figures within each State represent wheat production per capita, at 20-year 
intervals: 1871-75, 1891-95, and 1911-15.] 
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The three maps on the preceding page (maps 5, 6, and 7) show, 
through different dimensions of the circles, the per capita wheat pro- 
duction, by States, in 1871-1875, 1891-1895, and 1911-1915; 1. e., 
progress of wheat production in relation to increasing population. 


APPENDIX. 
AVERAGE FARM PRICES OF WHEAT, BY COUNTIES, 1910-1914. 


Notre.—The data which follow form the bases of maps 1, 3, and 4, and are ex- 
plained on pages 11 and 24. 

Counties have been used as the smallest effective unit of measurement, for the 
reason that the usual State prices are frequently averages for large expanses of territory 
with dissimilar physical and price conditions. The basic figures were compiled from 
returns of some 30,000 township reporters for each of the five years 1910-1914, inclu- 
sive, as of December 1. Observations for this period and for a like date of each year 
were employed to distinguish normal geographic variations from temporary deviations; 
and to further conduce thereto the price averages have been rounded to a 5-cent unit 
to overcome occasional minor differences due to such causesas local variations in grade. 

As the figures are designed to show geographic variation in prices paid to wheat 
producers, counties with little or no wheat production have been omitted (those with 
less than 500 acres in wheat, according to the 1910 census). 


Approxi- |. Approxi- 
mate mate 
State. Lain Counties. State. eli Counties. 
per per 3 
bushel bushel 
Cents. Cents. 
Alabama......-..-. 100-104 | Dekalb. California (con- 95-99 | Napa. 
Jackson. tinued). Sacramento. 
Lauderdale. San Benito. 
Limestone. San Joaquin. 
Madison. San Luis Obispo. 
SATIZONA EE Sees eee 95-99 | Graham. Solano. 
Maricopa. Stanislaus. 
= Pinal. Tulare. 
Arkansas.:......... 90-94 | Benton. 100-104 | Alameda, 
Boone. Contra Costa. 
Carroll. Los Angeles. 
Madison. Orange. 
Marion. Riverside. 
Washington. San Diego. 
95-99 | Baxter. Santa Barbara. 
Clay. Ventura. 
Fulton. Colorado...........- 75-79 | Larimer. 
Greene. Logan. 
Independence. Morgan. 
Izard. Phillips. 
Newton Sedgwick. 
Randolph Washington. 
Searcy. Weld. ‘ 
Sharp. Yuma. 
Stone. 80-84 | Adams 
California..........- 80-84 | Lassen Arapahoe 
Modoc Boulder 
85-89 | Shasta Cheyenne. 
Siskiyou Denver. 
90-94 | Butte Douglas. 
Z Colusa Elbert. 
Glenn EI Paso. 
Lake. Jefferson. 
Sutter Kit Carson. 
Yolo Lincoln. 
95-99 | Fresno 85-89 | Bent. 
Kern Conejos. 
Kings. Costilla. 
Madera, Crowley. 
Merced. Eagle. 
Monterey. Garfield. 
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State. 


Colorado (con- 85-89 
tinued). 5 


90-94 
Connecticut. (None) 
Delaware..........- 95-99 
Florida.(None.) i 
Georgia..s.......... 105-109 
110-114 
115 
or over 
NAanOR nc eee ces 65-69 
4 
70-74 


Counties. 


Kiowa. 
Moffat. 
Otero. 
Prowers. 
Rio Blanco. 


Rio Grande. 


Kent. 
New Castle. 
Sussex. 


Catoosa. 


Chattooga. 
Cherokee. 


Spaldin 

Pp g. 
Walton. 
Bannock. 
Bear Lake. 
Bingham. 
Bonneville. 
Fremont. 
Blaine. 
Cassia. 
Custer. 

Fr B 


Gooding. 
Lincoln. 
Minidoka. 
Oneida. 
Power. 
Twin 


Tdaho (continued) .- 


80-84 


90-94 


Counties. 


Adams. 
Clearwater. ~ 
Tdaho. 
Kootenai. 
Latah. 

Lemhi. 

Lewis. 

Nez Perce. 


Dewitt. 
Douglas. 
Henderson. 


Lee. 
McDonough. 
McLean. 
Macon. 


Piatt. 
Rock Island. 


Livingston. 
Logan. 
McHenry. 
Macoupin. 
Marshall. 
Mason. 
Menard. 
Montgomery. 
Morgan. 
Peoria. 
Pike. 
Putnam. 


Tazewell. 
Vermilion. 
Wabash. 
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State. 


Tliinois (continued). 


Indiana 


bushel. 


Cents. 
90-94 


95-99 


Counties. 


Wayne. 
White. 
Will. 
Woodford. 
Alexander. _ 
Bond. 


Jefferson. 
Johnson. 


Crawtiord. 
Daviess. 
Dubois. 
Fountain. 
Fulton. 
Gibson. 
Grant. 
Greene. 
Hamilton. 
Hancock. 
Harrison. 
Hendricks. 


Lake. 


Montgomery. 
Morgan. 
Newton. 
Orange. 
Owen. 
Parke. 
Perry. 
Pike. 
Porter. 
Posey. 
Pulaski. 
Putnam. 
Rush, 


State. 


Indiana (continued) 


Cents. 
90-94 


95-99 


Counties. 


Shelby. 
Spencer. 
Starke. 
Sullivan. 
Tippecanoe. 
Tipton. 
Vanderburg. 
Vermilion. 


Bartholomew. 
Blackford. 
Brown. 
Clark, 
Dearborn. 
Decatur. 
Dekalb. 
Delaware. 
Elkhart. 
Fayette. 
Floyd. 
Franklin. 
Huntington. 
Jackson. 
Jay. 


Appanoose. 
Audubon. 
Boone. 
Carroll. 
Cass. 
Cedar. 
Cherokee. 
Clarke. 
Clayton. 
Clinton. 
Crawiord. 
Dallas. 
Davis. 
Decatur. 
Des Moines. 
Dubuque. 
Fayette. 
Fremont. 
Guthrie. 
Hamilton. 
Hancock. 
Hardin. 
Harrison. 


Henry. 

H Enola 
Ida. 

Towa. 


Jackson. 
Jasper. 


State. 


Towa (continued) -. 
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80-84 


85-89 


Counties. 


Jefferson. 


Marion. 
Marshall. 
Mills. 
Monona. 
Monroe. 
Montgomery. 
Muscatine. 
Page. 
Plymouth. 
Polk. : 
Pottawattamie. 
Poweshiek. 
Ringgold. 
Scott. 
Shelby. 
Sioux. 
Story. 
Tama. 
Taylor. 
Union. 

Van Buren. 
Wapello. 
Warren. 
Washington. 
Wayne. 
Webster. 
Winnebago. 
Winneshiek. 


Anderson. 
Barber. 
Barton. 
Bourbon. 
Brown. 
Butler. 
Chase. . 
Chautauqua. 
Cherokee. 
Clark. 


Ellis. 
Ellsworth. 
Finney. 
Ford. 
Franklin. 


State. 


|| Kansas (continued) - 


Kentiehaye eres se = | 


price, 
per 
bushel. 


37 


Counties. 


Cents. 
85-89 


90-94 


Geary. 
Gove. 
Grant. 
Gray. 
Greeley. 


McPherson. 
Marion. 
Marshall. 
Meade. 
Mitchell. 
Montgomery. 
Morris. 
Morton. 
Nemaha. 
Neosho. 
Ness. 
Osage. 
Ottawa. 
Pawnee. 
Pottawatomie. 
Pratt. 
Reno. 
Republic. 
Rice. 
Riley. 
Rush. 
Russell. - 
Saline. 
Rgbts ae 
edgwick. 
Seward. 
Shawnee. 
Stafford. 
Stanton. 
Stevens. 
Summer. 
Trego. 
Wabaunsee. 
Wallace. 
Washington. 
Wichita. 
Wilson. 
Woodson. 
Atchison. 
Douglas. 
Jefferson. 
Johnson. 
Leavenworth. 
Miami. 
Wyandotte. 
Adair. 
Allen. 
Anderson. 
Ballard. 
Barren. 
Bath. 
Boone. 
Bourbon. 
Boyd. 
Boyle. 
Bracken. 
Breckenridge. 
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State. 


Kentucky (con- 
tinued). 


Counties. 


Bullitt. 
Butler. 
Caldwell. 
Calloway. 
Campbell. 
Carlisle. 
Carroll. 
Carter. 
Casey. 
Christian. 
Clark. 
Clinton. 
Crittenden. 
Cumberland. 
Daviess. 
Edmonson. 


Hart. 
Henderson. 
Henry. 
Hickman. 
Hopkins. 
Jefferson. 
Jessamine. 
Kenton. 
Larue. 
Laurel. 
Lawrence. 
Lewis. 
Lincoln. 


| Livingston. 


Logan. 
Lyon. 
McCracken. 
McCreary. 
McLean. 
Madison. 
Marion. 
Marshall. 
Mason. 
Meade. 
Mercer. 
Metcalfe. 
Monroe. 
Montgomery. 
Muhlenberg. 


Pendleton. 
Pulaski. 
Robertson. 
Rockeastle. 
Russell. 
Scott 
Shelby. 
Simpson. 
Spencer. 
Taylor. 
Todd. 
Trigg. 
Trimble. 
Union. 
Warren. 


State. 


Kentucky (con- 
tinued). 


Louisiana. (None.)) 
Maine. (None.) 
Maryland..-......- 


Mass. (None.) 
Michigan esse = 


95-99 


95-99 


100-104 


90-94 


95-99 
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Counties. 


Woodford. 


Allegany. 
Anne Arundel. 
Baltimore. 
Calvert. 
Caroline. 
Carroll. 

Cecil. 

Charles. 
Dorchester. 
Frederick. 
Harford. 
Howard. 
Kent. 
Montgomery. 
Prince Georges. 
Queen Annes. 


Somerset. 
Wicomico. 
Worcester. 


Charlevoix. 
Clare. 
Emmet. 
Gladwin. 
Grand Traverse. 
Gratiot. 
Tosco. 
Isabella. 
Kalkaska. 
Lake. 
Leelanau. 
Manistee. 
Mason. 
Mecosta. 
Midland. 
Missaukee. 
Montcalm. 
Newaygo. 
Oceana. 
Ogemaw. 
Osceola. 
Presque Isle 
Wexford. 
Allegan. 
Barry. - 
Berrien. 
Branch. 
Calhoun. 
Cass. 


Livingston. 
Macomb. 
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State. 


Michigan (con- 
tinued). 


90-94 


Counties. 


Monroe. 
Muskegon. 
Oakland. 
Ottawa. 
Saginaw. 
St. Clair. 
St. Joseph. 
Sanilac. 
Shiawassee. 
Tuscola. 
Van Buren. 
Washtenaw. 
Wayne. 
Becker. 
Beltrami. 
Bigstone. 
uIDnE Wa 
Clay. 
Clearwater. 
Cottonwood. 
Dodge. - 
Douglas. 
Faribault. 
Fillmore. 
Freeborn. 
Grant. 
Houston. 
Hubbard. 
Jackson. 
Kandiyohi. 
Kittson. 
Lac qui Parle. 
Lincoln. 
Lyon. 
Mahnomen. 
Marshall. 
Martin. 
Mower. 
Murray. 
Nobles. 
Norman. 
Olmsted. 
Otter Tail. 
Pennington. 
Pipestone. 
Polk. 

Pope. 

Red Lake. 
Redwood. 
Renville. 
Rock. 
Roseau. 
Stevens. 
Swift. 
Todd. 
Traverse. 


Winona. 


Yellow Medicine. 


Anoka. 
Benton. 
Blue Earth. 
Brown. 
Chisago 

a 
Crow aWing. 
Dakota. 
Goodhue. 
Hennepin. 
Isanti. 
Kanabec. 
Le Sueur. 
McLeod. 
Meeker. 
Mille Lacs. 
Morrison. 
Nicollet. 


State. 


Minnesota (con- 
tinued). 


Mississippi. (None.) 
Missounihe seen os 2 


90-94 


Counties. 


‘Washington. 


Watonwan. 
Wright. 


Andrew. 
Atchison. 
Caldwell. 
Carroll. 
Chariton. 
Cooper. 
Daviess. 
Dekalb. 
Gent 
Grundy. 
Harrison. 
Holt. 
Howard. 
Linn. 
Livingston. 
Mercer. 
Nodaway. 
Pettis. 
Putnam. 
Saline. 
Sullivan. 
W orth. 
Adair. 
Audrain. 
Barry. 
Barton. 
Bates. 
Benton. 
Bollinger. 
Boone. : 
Buchanan. 
Callaway. 
Camden. 
Cape Girardeau. 
geo NEE 


McD onald. 
Macon. 
Madison. 
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Approxi- Approxi- 
uate ae 
arm . ‘ arm 
State. price, Counties. State. price, Counties. 
per per 
bushel. bushel. 
: ; Cents. Cents. F 
Missouri (con- 90-94. Maries. M on tana (con- 75-79 | Sheridan. 
tinued). Marion. tinued). Silverbow. 
Miller. Valley. 
Moniteau. Nebraska.......-.-- 75-79 Bauer 
Monroe. oxbutte. 
Montgomery. Boyd. 
Morgan. Brown. 
Newton. Chase. 
Oregon. Cherry. 
Osage. Cheyenne. 
Ozark. Dee 
Perry. euel, 
Phelps. Froatier. 
Pike. Gardeu. 
Platte. Garfield. 
Polk. BETES 
Pulaski. Ofte 
Rall Keith. 
Se. nee 
ay. 7 
Ripley. Loup. 
St. Charles. Mormill. 
St. Clair. Perens: 
te. Genevieve. z 
q St. Francois. Bes Bluff. 
St. Louis. Sheridan, 
pei er: 80-84 | Adams. 
Raaasionl Antelope. 
Boone. 
a phelby: Buffalo. 
F anes Butler. 
Texas, Ee 
° ay. 
Washington. Cuming: 
Webster. Wake 
Wright. Dixons 
95-99 | Butler. Dodge. 
pune Dundy. 
Mississippi. ee 
New Madrid. Furnas. — 
Pemiscot. Gosper. 
Reynolds. ene : 
Scott. . Hales 
Stoddard. Hamilton. 
ayne. 
Montana........_.. e074: Blame. Se 
| Carbon. Howard. 
pecans Jefferson. 
ree Kearney. 
Flathead. ancati 
Gallatin. Madison. 
Ft ae 
Madison. Red 
Meaeuer: Phelps. 
é Pi ; 
Sanders. Platte. 
| Stillwater. Polk. 
power Grass. SLES 
| : 8. 
Yellowstone. Baadbes. 
75-79 | Beaverhead. Seward. 
Big Horn. Sherman, 
Broadwater. ‘ Stanton. 
Custer. Thayer. 
Dawson. Valley. 
Deerlodge. Wayne. 
Granite. Webster. 
Jefferson. Wheeler. 
Lewis and Clark. | York. 
Missoula. 85-89 | Burt. 
Musselshell. Cass. 
Powell. Dakota. 
Ravalli. Douglas. 


Rosebud. ; Gage. 


State. 


Nebraska (con- 


tinued). 


Nevada....... 


New Hampshire. 


(None.) 
New Jersey. -.- 


New Mexico... 


New York..... 


North Carolina 


GEOGRAPHY OF WHEAT PRICES. 


per 
bushel. 


Cents. 
85-89 


90-94 


95-99 


85-89 


90-94 


95-99 


100-104 


110-114 
105-109 


Counties. 


Johnson. 
Lancaster. 
Nemaha. 
Otoe. 
Pawnee. 
Richardson. 
Sarpy. 
Thurston. 
Washington. 
Churchill. 
Douglas. 
Bure 


Burlington. 
Camden. 
Cumberland. 
Gloucester. 
Hunterdon. 
Mercer. 
Middlesex. 
Monmouth. 
Morris. 
Salem.. 
Somerset. 
Warren. 
Mora. 

San Miguel. 
Taos. 

Rio Arriba. 
San Juan. 
Santa Fe. 
Bernalillo. 
Dona Ana. 
Sandoval. 
Socorro. 
Torrance. 
Valencia. 
Allegany. 
Cattaraugus. 
Cayuga. 
Chautauqua. 
Chemung, 
Erie. 
Genesee. 
Livingston. 
Monroe. 
Niagara. 
Onondaga. 
Ontario. 
Orleans. 
Schuyler. 
Seneca. 
Steuben. 
Tioga. 
Tompkins. 
Wayne. 
Wyoming. 
Yates. 
Orange. 
Ulster. 
Alamance. 
Buncombe. 
Caswell. 
Cherokee. 
Clay. 
Durham. 
Graham. 
Guilford. 
Haywood. 
Henderson. 
Jackson. 
McDowell. 
Macon. 
Madison. 


State. 


North Carolina 
(continued). 


North Dakota. -..-. 


per 
bushel. 


Cents. 
105-109 


110-114 


115 
or over 


80-84 


“ 85-89 


Counties. 


Mitchell. 


Rockingham. 
Rutherford. 
Swain. 
Transylvania. 
Yancey. 
Alexander. 
Alleghany. 
Ashe. 
Burke. 
Cabarrus. 
Caldwell. 
Catawba. 
Chatham. 
Cleveland. 
Davisdon. 
Davie. 
Forsyth. 
Franklin. 
Gaston. 
Granville. 
Tredell. 


Mecklenburg. 
Montgomery. 
Moore. 
Randolph. 
Rowan. 
Stanly. 
Stokes. 
Surry. 
Vance. 
Wake. 
Warren. 
Watauga. 
Wilkes. 
Yadkin. 
Anson. 
Richmond. 
Union. 
Adams. 
Billings. 
Bowman. 
Burke. 
Divide. 
Dunn. 
Hettinger. 
McKenzie. 
McLean. 
Mercer. 
Mountrail. 
Morton. 
Oliver. 
Renville. 
Stark. 
Ward. 
Williams. 
Barnes. 
Benson. 
Bottineau. 
Burleigh. 
Cass. 
Cavalier. 
Dickey. 
Eddy. 
Emmons. 
Foster. 
Golden Valley. 
Grand Forks. 
Griggs. 
Kidder. 
La Moure. 
Logan. 
McHenry. 
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State. 


North Dakota (con- 
tinued). 


per 
bushel. - 


Cents. 
85-89 


Counties. 


McIntosh. 
Nelson. 
Pembina. 
Pierce. 
Ramsey. 
Ransom. 
Richland. 
Rolette.., 
Sargent. 
Sheridan. 
Steele. 
Stutsman. 
Towner. 
Traill. 
Walsh. 
Wells. 
Adams. ~ 
Allen. 
Ashland. 
Athens. 
Auglaize. 
Belmont. 
Brown. 
Butler. 
Carroll. 
Champaign. 
Clark. 
Clermont. 
Clinton. 
Columbiana. 
Coshocton. 
Crawford. 
Dark. 
Defiance. 
Delaware. 


Hardin. 
Harrison. 
Henry. 
Highland. 
Hocking. 
Holmes. 
Huron. 
Jackson. 
Jefferson. 


Putnam. 


Oklahoma 


State. 


Ohio (continued)... 


Approxi- 
mate 
farm 
price, 

per 
bushel. 


Cents. 
95-99 


10-104 


85-89 


90-94 


Counties. 


Richland. 
Ross. 
Sandusky. 
Scioto. 
Seneca. 
Shelby. 
Stark. 
Summit. 
Tuscarawas. 


Cuyahoga. 
Geauga. 
Hamilton, 
Lake. 
Lorain, 
Trumbull 
Adair. 
Alfalfa. 
Beaver. 
Beckham. 
Blaine. 
Caddo. 
Canadian. 


Kay. 
Kingfisher. 
Kiowa. 


Woodward. 
Cleveland. 
Comanche. 
Cotton. 
Greer. 
Harmon. 
Jackson. 
Oklahoma. 
Tillman. 
Gilliam. 
Morrow. 
Umatilla. 
Union. 
Wallowa. 
Baker. 
Crook. 
Grant. 


State. 


Oregon (continued). 


Pennsylvania....... 


Rhode Island. 
(None.) 
South Carolina..... 


GEOGRAPHY OF WHEAT PRICES, 


price, 
per 
bushel. 


Cents. 
80-84 


85-89 


95-99 


100-104 


Counties. 


Klamath. 
Malheur. 
Sherman. 
Wasco. 
Wheeler. 
Benton. 
Clackamas. 


Yamhill. 
Adams. 
Armstrong. 
Bedford. 
Berks. 
Blair. 
Bucks. 
Butler. 
Center. 
Chester. 
Clarion. 
Clearfield. 
Clinton. 
Colombia. 
Cumberland. 
Dauphin. 
Delaware. 
Franklin. 
Fulton. 
Huntingdon. 
Indiana. 
Jefferson. 
Juniata. 
Lancaster. 
Lebanon. 
Lehigh. 
Lycoming. 
Mifflin, 


Montgomery. 
Montour. 
Northampton. 


Northumberland. 


Perry. 
Philadelphia. 
Schuylkill. 
Snyder. 
Union. 
Washington. 


Westmoreland. 


York. 
Allegheny. 
Beaver. 
Bradford. 
Cambria. 


Somerset. 
Tioga. 
Venango. 


Abbeville. 
Anderson. 
Cherokee. 
Greenville. 


State. 


South Carolina (con- 
tinued). 


South Dakota...... 


Tennessee......-.-- 


Approxi- 
mate 


80-84 


85-89 


95-99 


Counties. 


Greenwood. 
Laurens. 
Lexington. 
Newberry. 
Oconee. 
Pickens. 
Saluda. 
Spartanburg. 
nion. 
York. 
Aurora. 
Brule. 
Buffalo. 
Butte. 
Charles Mix, 
Custer. 
Douglas. 
Fall River. 
Gregory. 
Hand. 
Hyde. 
Jerauld. 
Lawrence. 
Lyman. 
De aeast 
ennington. 
Sully. 
Beadle. 
Bonhomme. 
Brookings. 
Brown: 


Hanson. 
Hutchinson. 
Kingsbury. 
Lake. 
Lincoln. 
McCook. 
McPherson. 
Marshall. 
Miner. 
Minnehaha, 
Moody. 
Potter. 
Roberts. 
Sanborn. 
Spink. 
Turner. 
Union. 
Walworth. 
Yankton. 
Bedford. 
Cannon. 
Carroll. 
Cheatham. 
Clay. 
Coffee. 
Crockett. 
Davidson. 
Dekalb 
Dickson. 
Dyer. 
Franklin. 
Gibson. 
Giles. 
Haywood. 
Henry. 
Hickmoen. 
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State. 


Tennessee (con- 
tinued). 


per 


bushel. 


- Cents. 


Counties. 


95-99 | Humphreys. 


100-104 


90-94 


Jackson. 
Lake. 
Lauderdale. 
Lawrence. 
Lincoln. 
Macon. 
Madison. 
Marshall. 
Maury. 
Montgomery. 
Moore. 
Obion. 
Overton. 
Pickett 
Putnam. 
Robertson. 
Rutherford. 
Smith. 
Stewart. 
Sumner. 
Trousdale. 


Wilson. 
Anderson, 
Bledsoe. 
Blout. 
Bradley. 
Carter. 
Claiborne. 
Cocke. 
Grainger. 
Greene. 
Grundy. 
Hamblen. 
Hamilton. 
Hancock. 
Hawkins. 
James. 
Jefferson. 
Johnson. 
Knox. 
Loudon. 
McMinn. 
Marion. 
Meigs. 
Monroe. 
Polk. 
Rhea. 
Roane. 
Sequatchie. 
Sevier. 
Sullivan. 
Unicoi. 
Union. 
Van Buren. 
Warren. 
Washington. 
Armstrong. 
Briscoe. 
Carson. 
Castro. 
Collingsworth. 
Dallam. 
Deaf Smith. 
Gray. 
Hale. 
Hansford. 
Hartley. 
Hemphill. 
Hutchinson. 
Lipscomb. 
Moore. 
Ochiltree. 
Oldham. 
Parmer. 
Potter. 


State. 


Texas (continued). . 


Wire im ae seer ees 


Approxi- 
mate 
farm 
price, 


per 
bushel. 


Cents. 
90-94 


95-99 


100-104 


80-84 
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Counties. 


Randall. 
Roberts. 
Sherman. 
Swisher. 
Wheeler. 
Archer, 


Gillespie. 
Hamilton. 
Hardeman. 
Haskell. 
Jones. 
Kerr. 
Knox. 
McLennan. 
Wichita. 
Wilbarger. 
Young. 


Fannin, 
Grayson. 
Montague. 
Parker. 
Tarrant. 
Wise. 
Boxelder. 
Cache. 


Alexandria. 
Clarke. 
Culpeper. 
Essex. 

Fairfax. 
Fauquier. 
Frederick. 
Greene. 

King George. 
Lancaster. 
Loudoun. 
Madison. 
Middlesex. 
Northumberland. 
Orange. 

Page. 

Prince William. 
Hap batiannos 
Richmond. 
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State. 


bushel. 


Virginia (continued) 


Washington........ 


Cents. 
95-99 


100-104 


110-114 


Approxi- 
fe 
! arm . 
Counties. State. price, Counties. 
per 
bushel. 
Cents. 

Shenandoah. Washington (con- 80-84 | Chelan. 
Spotsylvania. tinued). Kittitas. 
Stafford. Klickitat. 
Warren. Okanogan. 
Westmoreland. Yakima. 
Albemarle. West Virginia...... 95-99 | Berkeley. 
Amelia. Brooke. 
Amherst. Hancock. 
Appomattox. Jefferson. 
Augusta. Marshall. 
Bedford. Morgan 
Botetourt. Ohio. 
Buckingham. 100-104 | Cabell. 
Campbell. Hampshire. 
Caroline. Hardy. 
Charles City. Jackson. 
Chesterfield. Lincoln. 
Cumberland. Mason. 
Fluvanna. Mineral. 
Franklin. Monongalia. 
Gloucester. Pleasants. 
Goochland. Putnam 
Hanover. Tyler. 
Henrico. Wayne. 
King and Queen. Wetzel. 
King William. Wirt. 
Lee. Wood. 
Louisa. 105-109 | Barbour. 
Nelson. Braxton. 
New Kent Calhoun. 
Powhatan. Doddridge. 
Prince Edward. Gilmer. 
Roanoke. Grant. 
Rockbridge. Greenbrier. 
Rockingham. Harrison. 
Russell. Kanawha. 
Scott. Lewis. 
Smyth. Marion. 
Washington. Mercer. 
Alleghany. Monroe. 
Bath. Pendleton. 
Bland. Pocahontas. 
Brunswick. Preston. 
Carroll. Ritchie. 
Charlotte. Roane. 
Craig. Summers. 
Dinwiddie. Taylor. 
Floyd. Upshur. 
Giles. Wisconsin... ......- 85-89 | Buffalo. 
Grayson. Jackson. 
Halifax. La Crosse. 
Henry. Monroe. 
Highland. Pepin. 
Lunenburg. Trempealeau. 
Mecklenburg. Vernon. 
Montgomery. 90-94 | Barron. 
Nottoway. Brown. 
Patrick. Burnett. 
Pittsylvania. Calumet. 
Prince George. Chippewa. 
Pulaski. Clark. 
Tazewell. Columbia. 
Wythe. Crawford. 
Adams. Dane. 
Asotin. Dodge. 
Benton. Door. 
Columbia. Dunn. 
Douglas. Eu Claire. 
Ferry. Fond du Lac. 
Franklin. Grant. 
Garfield. Green Lake. 
Grant. | Towa. 
Lincoln. Jefferson. 
Pend Oreille. Juneau. 
Spokane. Kewaunee. 
Stevens. Lafayette. 
Walla Walla. Marathon. 
Whitman. Oconto, 
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Approxi- Approxi- 
me e pe e 
arm . ‘arm * 
State. price, Counties. State. price, Counties. 
per per 
bushel. | bushel. 
Cents. : ; Cents. 2 
Wisconsin (con- 90-94 | Outagamie. Wyoming.......... 70-74 | Lincoln. 
tinued). Pierce. 75-79 | Goshen. 
Polk. Laramie. 
Richland. Platte. 
St. Croix. 80-84 | Bighorn. 
Sauk. Campbell. 
Shawano. Crook. 
Washburn. Hot Springs. 
Waupaca. Johnson. 
Winnebago. Park. 
95-99 | Manitowoc Sheridan. 

Sheboygan. | Washakie. 
Washington. } Weston. 
Waukesha. 
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WINTER WHEAT IN THE GREAT PLAINS AREA: 
RELATION OF CULTURAL METHODS TO PRODUCTION. 


By E. C. Cumtcort, Agriculturist in Charge, Joun 8. Cour, Agriculturist, and J. B. 
Kuska, Assistant, Office of Dry-Land Agriculture. 
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INTRODUCTION. 


This bulletin contains a study of the yields of winter wheat 
obtained under various methods of seed-bed preparation at 13 field 
stations in the Great Plains region. 

The study as here made shows the effect of the cropping and 
cultivation of the land in only the one year preceding the growth 
of the winter wheat. A study of the cost of production by each of 
the methods under trial and the resulting profit or loss is also given. 
There is also presented for comparison the average yields and the 
resulting profits or losses from spring wheat grown by the same 
methods at the same stations for the same years. 

Results are presented from an aggregate of 75 station years, involv- 
ing an ageregate of 1,137 plat years. By “station year”’ is meant 
one year at one station; by “plat year’’ is meant one plat at one 
station for one year. 

Such a mass of material furnishes an infinite amount of detail for 
study, but it is the purpose of this bulletin to consider only the 
broader bearings and more obvious and important phases of the 
work rather than a study of the details. 

This bulletin, dealing with only onecrop, does not afford ameasure for 
judging the agricultural possibilities for other crops of any section of 
theGreat Plainsarea. TheOffice of Dry-Land Agriculture of the United 


1 For a list of members of the scientific staff of the Office of Dry-Land Agriculture, cooperating stations, 
etc., see the second page of the cover. 
Notre.—This bulletin is intended for all who are interested in the agricultural possibilities of the Great 
Plains area. 
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States Department of Agriculture began field work in the investigation 
of methods of crop production in this areain 1906. Theworkbegun at 
that time has been constantly added to until 24 stations were in opera- 
tion in 1916. Data from only 13 of these stations are here presented; 
those that have been operated less than four years are not included. 

The method of work 


|“ //// adopted was that of 


oe raising the different 


, 5 | j crops both in different 

, combinations or 
Z eee | 7 systems of rotation 
SLM, ae Z 2 y and under different 
777 Y Baa pees ns alge se Y methods of cultivation 
// YY yp BAK. Yj in systems of contin- 
Yyy Yl Yj uous cropping. Inno 

Yyy case have rotations of 
Y more than six years 

Y, in length been used. 
4 Those of even this 
Vp length have been tried 
only with sod crops. 
More of the work has 
been done with 3-year 
and 4-year rotations. 


7 soy Zi} AREA INCLUDED IN 
OK THESE INVESTIGA- 
TIONS. 


The area covered by 
these investigations is 
shown in figure 1 and 
consists of about 400- 
000 square miles of 
territory. It includes 
thewestern portions of 
North Dakota, South 
Dakota, Nebraska, 
Kansas, Oklahoma, 
and Texas, and the 


ten States and consists of about 400,000 square miles of territory. 
Its western boundary is indicated by the 5,000-foot contour. The 
location of each field station within the area isshown by a dot with- eastern portions of 


in a circle (©). 


Montana, Wyoming, 
Colorado, and New Mexico. As no varieties of winter wheat 
have yet been found which are able to survive the winter in North 
Dakota, this crop is not included in the work at the North Dakota 
stations. The fact that limited rainfall is the determining factor in 
crop production is responsible for a general uniformity in condi- 
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tions throughout the area. There is, however, a wide range of soil, 
climatic conditions, and altitude. The lowest station where winter 
wheat is grown is Hays, Kans., with an altitude of 2,050 feet, and 
the highest is Archer, Wyo., with an altitude of 6,012 feet. The 
length of the growing season for winter wheat is naturally much the 
same throughout the area, but there is a variation of approximately 
a month to six weeks in the respective dates of seeding and harvest- 
ing. The northern stations seed somewhat earlier than the southern, 
while the southern stations harvest earlier than the northern. 


CLIMATIC CONDITIONS. 

The Great Plains area is characterized by a varying amount of 
annual and seasonal precipitation, with very uncertain distribution. 
Years of relatively high precipitation with favorable distribution may 
be followed by years of relatively low precipitation with very unfavor- 
able distribution. It may besaid that the uncertainty of the distribu- 
tion rather than the total amount of rainfall received is the factor that 
makes crop production hazardous. In connection with this work, 
complete climatic data have been obtamed. It is not practicable, 
however, to present them in this publication. Table I shows the min- 
imum, maximum, and average annual and seasonal rainfall and thesea- 
sonal evaporation at each station for the years for which the yields are 
here reported. By seasonal is meant the precipitation or evaporation 
for the period between the average time of growth beginning in the 
spring and the average time of harvesting. Noattemptis made here to 
show any of the other climatic factors or the amount of water already 
in the soil at seeding time, any of which might have an important in- 
fluence on yields. The annual precipitation as here given is not the 
average as determined from the complete record, but is the average 
annual precipitation of the years whose results are under study 


Taste I— Annual and seasonal precipitation and seasonal evaporation at thirteen sta- 
tions in the Great Plains area.} 


PRSGIOMD AU)” AEGEGS tee evaporation 4 


Alti- (inches). 
Station. Fade Annual. Seasonal. 
eet) Mini- | Maxi-| Aver- | Mini- | Maxi-| Aver-| Mini- | Maxi- | Aver- 
mum.|mum.} age. |mMum.|mum.| age. | mum. | mum. | age. 

SudithiBasing.222.228 A 4,228 | 14.96 | 23.78 | 18.31 | 6.50] 11.06] 9.03 | 18.544 | 26.273 | 21.205 
1S [GIES 8 ey Et aS apa ae 3,000 |} 11.92 | 17.54 | 13.79 | 5.00 | 11.83 7. 62 | 18. 486 | 21. 799 | 20.175 
Belle Fourche..........-.-- 2, 950 6. 64 | 21.02 | 13.96 1.92 | 15.38 &. 04 | 18.388 | 33.906 | 25. 415 
PNEOMMOTOL Ss cee nase ess. 3,507 | 13. 23 | 30.41 | 17.66 |} 6.93 | 20.34 | 11.14 | 19.555 | 28.140 | 24. 828 
neher TPA 3 bo. 6,012 | 11.77 | 18.32 | 14.16} 4.64/| 10.16] 7.12} 20.056 | 27.320 | 24.319 
DCOLISDIUN oo. ha sacs a aes 3,950 | 9.95 | 23.58 | 15.44 | 6.75 | 10.78] 8.31 | 23.006 | 27.620 | 25.556 
North Platte. sii 22552: 4. = 3,000 | 11.18 | 34.85] 19.31 | 5.61 | 23.52 | 11.09 | 24.621 | 35.255 | 29.620 
(0) 1S REE Rea , 60 13 74 4 25.00 | 18.22} 6.60 | 14.17} 9.67 | 21.796 | 33.114 | 28. 449 
BY Sae ries seek ee de de ks 2,050 | 15.59 | 32.90 | 21.45] 3.87 | 16.58 | 10.41 | 22. 402 | 41.317 | 31.333 
Gardeni@iby.. 220.222). = 2,900 | 9.70 | 26.51 | 18.05} 5.01 | 10.95] 7.51 | 29.802 | 39.354 | 35.144 
Dalhangee week. GF. LAL ios 4,000 | 13.69 | 22.81 | 16.67) 4.54 | 14.86) 8.21 | 31.854 | 41.002 | 37.813 
ASTETHU GS See Rgenee a aera 3,676 | 10.69 | 27.80} 18.61] 5.03 | 11.49] 7.11 647 | 40. 704 | 36.130 
Mreameari. be 2 As 4,194 | 10.89 | 22.24 | 17.12] 2.83) 11.07] 7.03 | 32.285 | 42.405 | 37.139 


1 The years covered are the same as for the data shown in the other tables for each station. 

2 The altitude given is for the field where the work was done and is based in most cases on that of the 
nearest town. 

3 The seasonal rainfall is the amount from Apr. 1 to July 31 for stations north of and including Akron. 
For stations south of Akron it is the amount between Mar. 1 and June 30. 

4 The evaporation is figured from April 1 to July 31. 
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GENERAL PLAN OF THE INVESTIGATIONS. 


The same variety of winter wheat is used on all plats at a station 
during any one year. The intention is to use the best variety that 
is available for general use. Changes are made only when seed 
breeding, selection, or varietal testing make available for general 
use a better variety. No attempt is made to use the same variety 
at different stations. The only varieties that have been used, 
however, have been strains of Turkey and Kharkof. The rate, 
time, and manner of seeding are the same for all plats at a station in 
any one year. As compared with more humid sections, the seeding 
is light, the usual rate being 3 pecks per acre. All seeding is done 
with a drill, the rows being spaced from 6 to 8 inches apart, depend- 
ing upon the locality. In different places different styles of drills 
are used. 

At each station the plats are one-tenth acre in size. Their dimen- 
sions are 2 by 8 rods. Along their larger dimension the plats are 
separated by bare alleys 4 feet in width. The ends of the plats are 
separated by roads 20 feet wide. 

There are as many field plats devoted to each rotation as there 
are years required to complete the cycle of the rotation. Each crop 
in a rotation is thus grown each year. 

Each rotation is given a number, and each plat within the rotation 
is designated by a letter. 

In addition to rotations or different combinations of crops and 
cultural methods, there is at each station a series of plats continu- 
ously cropped by different methods to each of the important crops. 
With each crop in this series two plats, known as C and D, are alter- 
nately cropped and summer tilled. 

In the present study a table is presented for each station. The 
first part of such table shows the yields that have been obtained in 
each year by each of the different methods under which winter 
wheat has been grown, considering only the variations in the one 
year preceding the crop. The previous crop whose stubble was 
treated as specified is also shown. Where more than one plat has 
been under the same treatment for the previous year, only the 
average yield of the whole number of plats so grown is given. Col- 
umn 2 of the table shows the number of plats so averaged. The 
succeeding columns need no explanation, as they show the yields 
for each year as indicated and the averages of each method for the 
whole period of years. In the last column, where the average 
appears under the heading ‘‘Average,”’ the calculation is from the 
left. The averages of the different methods of treatment are the 
averages of the whole number of plats that entered into their com- 
position. For a rough comparison of seasons the bottom Ime of 
the first half of the table gives the averages of all plats for each 
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year, the average of the yearly yields appearing in the last column 
to the right. (See Tables V to XVIII.) 

As here presented, the treatment of the land is specified as early 
fall plowed, late fall plowed, subsoiled, listed, disked, green manured, 
and summer tilled. Under these headings are subdivisions to show 
the preceding crop. At the Judith Basin and Huntley stations, on 
account of the lateness of the harvest, the plats in the ‘‘Early fall 
plowed” and the ‘‘Late fall plowed” columns are plowed at the 
same time, the former deep, 8 inches, and the latter shallow, about 
4 inches. 

Where winter wheat follows winter wheat, the system has been 
that of continuous cropping. 

Early fall plowing is done as early as practicable after harvest and 
to a good depth, the standard being set at 8 inches. The ground 
after being plowed is given sufficient cultivation with the disk and 
harrow, if necessary, to form a good seed bed. On one plat which 
is continuously cropped to winter wheat at each station late fall 
plowing is shallow, only about 4 inches, and is given a minimum of 
cultivation. 

Subsoiling is done on Jand continuously cropped to winter wheat. 
The treatment of the plat that appears at some stations under this 
heading is the same as the treatment of the plat that appears under 
“arly fall plowed,” except that it is subsoiled. At the time of 
plowing, a subsoiler is run in each alternate furrow to an additional 
depth of 6 to 8 inches, making a total depth of about 14 inches. 
This usually is done two years in succession and then omitted for 
two years. 

The plat that appears at some stations under the heading “ Listed,” 
following winter wheat, is continuously cropped to winter wheat. 
After harvest this plat is furrowed out with the lister instead of 
being plowed. It is worked down level and the seed bed prepared 
without the use of the plow. 

The plats on disked corn ground are all in rotation with other 
crops. Both 3-year and 4-year rotations comprise this series. The 
other crops may be oats, barley, green manure, or potatoes. In 
some rotations summer tillage replaces one of the crops. 

Where winter wheat is grown after a green-manure crop, the sys- 
tem is that of a 4-year rotation in which there is a row crop and 
one of the small grains. In some of the 4-year rotations summer 
tillage is substituted for the second small-grain crop. Rye and 
field peas are used as green-manure crops. At Hays, Garden City, 
Dalhart, and Amarillo cowpeas were used instead of field peas 
during the first years. 

The method of summer tillage practiced is of an intensive type. 
The land lies fallow for a year. It is kept clear of weeds and as far 
as practicable a mulch is maintained on it during the summer pre- 
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ceding the seeding of the wheat. In some cases it is necessary to 
plow the land more than once during the period, in order either to 
maintain a surface receptive to water and resistant to blowing or to 
prevent the growthof weeds. As practiced, this is an expensive sys- 
tem of production. Experiments are under way to determine the 
most economical method of summer tillage. The indications are 
that a less intensive method than that practiced in the work here 
reported will give practically as good returns. 

The yields given in these tables begin with the second year of crop 
production at each station. The first year’s crop is produced on land 
uniform in its treatment. 

Where an entire crop has been lost by hail or other agency that 
could not possibly be overcome by cultivation, the year is not counted 
in computing averages. Such failures must, of course, enter into 
the final results of agricultural endeavor. They are, however, of 
such uncertain occurrence that the series of years here considered is 
too short to permit an attempt to establish their normal frequency 
for any locality. This is in effect what would be done by including 
them in averages. It is believed that less error is introduced by 
recognizing their occurrence and excluding them from averages. 
When the’loss of a crop is due to conditions that might possibly have 
been overcome by cultural practices, a zero yield for that year is 
included in the calculations. 

Embodying the basic data given in Tables II, III, and IV, the sec- 
ond part of the table for each station has been compiled. In this 
are brought together in summary form the yields detailed in the first 
part of such table. The value of the average yields thus obtained 
is calculated and given, together with a computation of the cost of 
production. The last line of the table gives the profit or loss result- 
ing from the production of winter wheat by the method stated. 
Loss is indicated by the minus sign. In this second part of each 
table there are two general headings, ‘Tillage treatment”? and 
“Previous crop.” Under the first heading the plats are grouped en- 
tirely by treatment without considering the previous crop. Under 
the second heading treatment is not considered, and the grouping is 
entirely governed by the crop immediately preceding the winter wheat. 
This really makes two tables combined in one, with subdivisions 
common to both. (See Tables V to XVIII.) 

Some of the rotations are calculated to conserve or increase the 
fertility of the soil, while others may perhaps deplete it. In the 
present stage of the work, the effects of rotations as units are greatly 
overshadowed by the effects of the cropping and cultivation of a 
single year. This is due to the fact that the controllable factors are 
the water supply, the physical condition of the seed bed, and a cer- 
tain recognized, if not understood, effect of the crop immediately 
preceding. Uniformity in these factors is largely restored by the 
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cultivation or cropping of a single season. After a careful study of 
the data, it seemed advisable two years ago to prepare a series of 
bulletins covering the results relating to a single crop as determined 
by the treatment of the land in only the one year immediately pre- 
ceding the growth of that crop. Such a series of bulletins was pub- 
lished, but owing to the comparatively small amount of data on 
winter wheat available at that time, this crop was not included. 
The addition of the results of the two years that have since elapsed 
now warrants a publication of the same character relating to winter 
wheat. 
COMPARISON OF CULTURAL METHODS. 

The methods under study vary a great deal in the labor involved 
and in the consequent cost of production by each method. Table IV 
has therefore been compiled in order to show the average cost by 
each of the methods under study. These data have been prepared 
from the records of 10 representative stations, and an average of the 
records of 6.7 years at each station has been used in preparing it. 
This is equivalent to a record of 67 years at one station. An accurate 
record has been kept of all the farm operations performed in the 
various methods under trial. These have been averaged for the 10 
stations. The amount of work required for some methods of treat- 
ment varies with the season and with the soil, and the expense of 
some operations varies with the sou. The amount of labor per- 
formed under each of the methods was neither more nor less than 
that which the man in charge believed to be necessary to bring about 
the results sought. ‘ 

In computing the cost of the various operations a fixed wage of 
$2 a day for a man and $1 a day for a horse was adopted. This may 
be above or below the actual labor cost in any particular locality, 
but it is believed to be a fair average and one that will afford a profit- 
able market to the farmer for his labor. The time required of men 
and teams to cover a given acreage in each of the several farm opera- 
tions obviously varies with soil and other conditions. The average 
shown in Table IT has been determined from the actual experience of 
a large number of men connected with these investigations, experi- 
ence that has extended over a wide range of conditions and many 
years of time. 

The factors included in the cost of production are calculated on 
an acre basis for each of the separate operations performed, beginning 
with the preparation of the land and ending with the harvesting and 
shocking of the grain. To these items are added the cost of seed at 
75 cents per acre, interest and taxes on the land investment, calcu- - 
lated at 8 per cent on a valuation of $20 per acre, and the deteriora- 
tion and repairs of the binder at 15 cents per acre. No allowance is 
made for the deterioration of other farm equipment, as it is believed 
that the wages allowed for men and teams are sufficient to cover this 
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item for the remainder of the equipment. The above-mentioned 
items are fixed charges per acre—that is, they do not vary greatly 
with the yield per acre except for the item of twime—but this varia- 
tion is not sufficient to affect materially the relative total cost of 
production under the several methods. 

Table II shows the cost per acre, based upon what is considered 
an average day’s work for each of the farm operations involved at 
the above-mentioned wage. As before stated, the type of soil and 
seasonal conditions will determine to a certain extent the labor 
requirement and the consequent cost per acre. 

TABLE II.—Average cost per acre of the farm operations involved in growing winter 
wheat in the Great Plains area. 


[The wage scale assumed is $2 per day for each man and $1 per day for each horse.]} 


Force employed. el, - c 
. ay’s tem ost per 
Operation. work. cost. Sone, 
Men. Horses. 
: Acres 
PIO WIN G2 sects oes ote sicinc 1 4 34 $1.71 
DISKIN Ges Sse e as AS Ne 1 4 8 a7) 
Harrowing ee 5 UE oe 36 1 4 35 auld 
SUDSoOUNe STOEL Ie a Ea pew NE ed Ff he Epes 1 3 OPA se he Bine 1. 43 
Dra llit pee eS Co SC Metape ye ae ye). hae Lee 1 4 a ea | eset haa ah - 40 
Gultivaitin pb seg ess I EE ane Sill = dee OE eA 1 4 16) oS bees . 38 
SIS GIN DE eters eterna Sate eee ene eee ee 1 4 HOD i ee emceece . 60 
Harvesting: - 
Cutiingjandibinding == eee ee eee 1 4 15 $0. 40 
Shocking soy See eA ER EVE ARE Lk ee DE YS | ee: Ese 13 93 
AEN ARATE See SS AS INS EIS Ie NS er a EN cen | | iy | ee ey | Lele eee 25 
iBinderwear andbrepain 55. 025 EN as ee ee eae EO aes 15 


1 The cost of thrashing is not included in the cost per acre, but it is estimated at 10 cents per bushel and 
deducted from the price of 80 cents in the granary, thus giving a value of 70 cents per bushel in the shock. 


The average farm price of wheat used in these computations is 
based on the data given in Table III, furnished by the Bureau of 
Crop Estimates of the United States Department of Agriculture. 
The four States of Kansas, Nebraska, North Dakota, and South 
Dakota were selected, because their extensive wheat production has 
given them established market prices which are not greatly influenced 
by local conditions. 

TABLE III.—Average price! of wheat at the farm granary for ten years in four States of the 
Great Plains area. 


[The quotations are given in cents per bushel. Those for the year 1914 are for the date of Nov. 1; in other 
years Dec. 1 is taken as the date.] 


North | South | Ne- |; Aver- North | South | Ne- Aver- 
Year. |Dakota.|Dakota.| braska.|*22525-) “age. Year. | Dakota.|Dakota.| braska.|*2254S-| “age. 

1905....- 69 67 66 71 68h || 1911...-- 89 91 87 91 893 
1906... -- 63 61 57 58 59% || 1912....- 69 69 69 74 704 
1907...-.- 87 89 79 82 844 || 1913_.... 7 71 71 79 73% 
1908... -.- 92 92 84 88 &9 1914....- 97 90 92 94 944 
1909..... 92 90 89 96 913 

NO) coo 90 89 80 84 852 || Average. 82 81 77 82 804 


1 The figures in this table are the same as those used in Bulletin No. 214, “Spring Wheat in the Great 
Plains Area,’”’ published by the Office of Dry-Land Agriculture in 1915. The table has not been revised 
to include 1915 and 1916 because the prices during these two years have been largely determined by the 
abnormal conditions occasioned by the European war. 
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As given in Table IIT, the average farm price of wheat on Decem- 
ber 1 for the 10 years preceding 1915 has been, in round numbers, 
80 cents per bushel. It costs about 10 cents per bushel to take the 
grain from the shock, thrash it, and put it in the granary on the 
farm. ‘This cost per bushel does not vary greatly with the yield and 
is therefore a fixed price per bushel instead of a fixed price per acre, 
as is the case with the other costs of production. The relative profits 
of producing winter wheat under the different methods can therefore 
best be determined by finding the difference between the fixed cost 
per acre and the value per acre of the grain at the point where the 
fixed cost per acre ends, which, as before stated, is when the grain is 
in the shock. Knowing that the average farm value of winter wheat 
in the granary is 80 cents per bushel and that it costs 10 cents per 
bushel to take it from the shock, thrash it, and put it in the granary, 
it is obvious that it would be worth 70 cents per bushel in the shock. 
This valuation of 70 cents per bushel has therefore been used as a 
basis for calculating the relative crop values, costs, and profits per 
acre of the various methods under trial. 


Taste 1V.—Cost per acre of producing winter wheat in the shock in the Great Plains area, 
showing averages of data for ten stations. 


Number of operations. 


Method of preparation. j 
Drill- | Level- | Culti- 


Plow- | Har- | Disk- |Subsoil-|; -.. 
ing. |rowing.| ing. ing. Listing. ing. ing.! | vating. 
DASKCGCOPN Ays8 4-8 Pe oct sscteys sisi \Si-5245- 0.5 18) bs sees 5 Ge eae meee CEB orbs ter cress 
SCAM eine ate ne eee oer e eee r secs [ccaes oc] Seppe eeeeeen | gl eee S| Eee 
Late fall plowed... -:-.---:----------- 1 1.1 WV) beseber el tas5csoq SCLC Ear Ccerisess\aseecrc 
Harlyjallplowed...-..-=--+-----+--- 1 ioe eile |amcige ssh arse mist ci neciclclels i= anche le aelecraers 
Subsoiled............-- es abe ae: 1 7: 157 / Oxde| > ser ed Goes see soot ese 
DumnHer led... ......-2+2222-22-a2-- eS 5.8 Ot Soe oe eae ere eens ois losmienee. Weenies 1 
Green manured: 
WWathenyereayss- 22255: siivs2. 32 2 4.8 Sao ylee = 2b aos |e ae a Notas camps 5 
Witlinpease. 22s yo. 5.02 oso eec le 2 4.8 345i GS aa eee AB ie 1 Ll eee ee 5 
Total cost of 
Cost per acre. production. 
Cost of | Inter- 
Method of preparation. prepa- ese Penate 
ration. d 9 
Seed Drill- | Har- | taxes. Per at 70 
£ ing. |vesting. acre. | cents 
per 
bushel. 
WASKeGCOnMMANnG hs. se a ae june ek $0.57 | $0.75 | $0.40] $0.93 | $1.60 | $4.25 6.1 
WASfod mae st tews Po Ps ere BN 22k 175 -75 -40 - 93 1.60 5.03 1.2 
WeOntleplOwedien See ca cne cccceeeccisaee sas 1.97 -75 -40 - 93 1.60 5.65 8.1 
Marky fall plowed: . -22 222 Sofyanseierts ese: 2. 64 -75 -40 93 1.60 6.32 9.0 
SHEN SING IEG | 8S Sa 3.25 cae 40 - 93 1.60 7.03 10.0 
SUMMer cibleds -.cebocc: fh nsao8 gE) Sis. = 5.36 75 40 93 3.20 10. 64 GY 
Green manured: +f 
VEY TRB.) 5772) ee eee ee ee 7.18 75 - 40 93 3.20 | 12.46 17.8 
WLR Deasies. $3 sass a5 S52 = bose 10.18 -75 - 40 - 93 3.20 | 15.46 22.1 
Averarecost of sreemymanuring,. - 192s 2eos3.-p\'F5-6- 2 2|- bese PO eel este ee |eses ces 13. 96 19.9 


1 The cost of leveling listed ground for seeding is estimated at 75 cents per acre. 
2 The cost of rye for seeding 1 acre is estimated at $1. 
3 The cost of peas for seeding 1 acre is estimated at $4. 
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In conformity with the foregoing explanation, Table IV gives in 
detail the cost of producing winter wheat in the shock, expressed in 
dollars and cents and in bushels per acre at 70 cents per bushel. 
These prices are used as a working basis and are not offered as being 
exact. It is fully realized that the price of any or all factors used in 
obtaining them may vary locally from the fixed price assumed. 


RESULTS AT THE SEVERAL STATIONS. 


Accompanying the discussion of each station is a very brief descrip- 
tion of the soil, with particular reference to its depth and its water- 
holding capacity. Only such information is given as is necessary to 
understand fully the interpretation of the results. 


JUDITH BASIN FIELD STATION. 


The field station at Moccasin, Mont., in the Judith Basin, is located 
on a heavy clay soil of limestone origin. The soil is apparently very 
rich in available fertility. It is underlain at a depth of approxi- 
mately 3 feet by a limestone gravel that is closely cemented with 
lime materials. The gravel subsoil, which extends to a depth of about 
30 feet, is practically free from soil. While it is so closely cemented 
that it does not unduly drain the soil, it is not of a character that 
allows the storage of available water or the development of roots 
within it. Gravel in the surface soil interferes with the taking of 
samples satisfactory for the study of soil moisture. Enough has 
been done, however, to make it certain that the supply of water that 
can be stored in this soil is limited. This shallowness of the soil and 
consequent limitation of the quantity of water that can be stored in 
it and recovered by the crop makes the crop dependent in large part 
upon the rains that fall while it is growing. 

The first winter wheat raised at the station was the crop of 1909, 
which was all on summer-tilled land. The first crop which shows 
results from different methods of preparation is that of 1910. 

In the period under study, there has been one failure of winter 
wheat, the crop of 1916 being lost by winterkilling. In 1912 the crop 
was badly damaged by a hailstorm that entirely destroyed the 
Spring-sown grains. 

The highest average yield, 25.7 bushels per acre, has been obtained 
from summer tillage. The yields from summer tillage have been 
the highest every year except in 1910. The next highest average 
yield, 24.4 bushels, was secured after green-manure crops. The 
yields after green manure have been higher than from any other 
method, except summer tillage, every year except in 1912. Since 
1914, when the practice of seeding on disked corn ground was begun, 
this method has outyielded all others except green manuring and 
summer tillage. During this period, the yields after summer tillage 
have averaged 5.5 bushels greater than on disked corn ground. 
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The yields obtained from deep plowing, deep plowing and sub- 
soiling, and the shallow plowing of winter-wheat stubble have shown 
only very small differences. Listing has averaged approximately 1 
bushel per acre less than plowing. The highest average yield from 
any of these methods is 6.1 bushels less than after green manure and 
7.4 bushels less than from summer tillage. During the three years 
that seeding on disked corn ground has been practiced the yields 
from this method have averaged 6.3 bushels higher than any of the 
other continuous-cropping methods used. 


Taste V.— Yields and cost of production of winter wheat by different methods at the 
Judith Basin Field Station, 1910 to 1916, inclusive. 


Num- Yield per acre (bushels). 
Treatment and previous aa 
te aver- | i910 | 1911 | 1912 | 1913 | 1914 | 1915 | 1916 | AVC 
aged. age. 
Deep fall plowed: Winter 
WiiGHi hoor ono sn SenEenanons 1 24.0 23.5 12.2 23.2 16.3 28.5 0 18.2 
Shallow fallplowed: Winter 
NW Caine ncteeiesisin sie Sines 1 23.8 22.0 13.2 25.5 16.3 25.0 0 18.0 
Listed: Winter wheat. ..-.-.- 1 Pil 22.3 10.8 24.3 20.1 21.1 0 17.2 
Subsoiled: Winter wheat.... if 23.2 22.4 12.5 26. 2 15.5 28. 0 18.3 
Disked: Corn.......-.------- ASE oS. .| 2 Re eee 22.5 38.1 0 20.2 
Green manured: | 
With rye....-- gooteccacs Sueseuease b 30.5 | 611.2 | 031.3 | ¢ 23.6 49.5 0 24.4 
Withipeas|. <2... Dil Sei sic eccll oeete 4. Saeeete eee eee d 23.1 50.5 0 24.5 
Total or average....... ON be Bae b 30.5 | 611.2) 631.3 | €23.5 49.9 0 24.4 
Summer tilled........-..---- 4 | #22.0|) £31.6| £17.5 | 731.8 25.5 51.5 0 PAR U 
Average ofall 17 plats.......'........ 22.9 25.4 12.9 27.1 21.0 42.1 0 21.6 
SUMMARY OF YIELDS AND DicEst or Cost. 
Tillage treatment. Previous crop. 
Yields, values, etc. (average | ca Shal- 
13) 9) Green | Sum- . 
per acre). fall ae Listed a Disked| ma- | mer Aviator Corn 
plowed lowed|( plat). (1 plat). (4plats).| nured | tilled (4plat (4plats). 
(i plat).| P (5plats).|(4plats).| 4P!@'s)- 
(i plat). 
viclds ot grain: 

OMNES Sees bushels. - 24.0 23.8 21.7 28}74 Gee badballooaeadcal) df Pea) PBs lide Saacee 
eH Bees peereecteces do... 23.5 22.0 22.3 Pee Nena soos 6 30.5 | f 31.6 228 0))| See 
TAS) PD ete tea ca ae do.. 12.2 13.2 10.8 1 Oats ee ees 611.2 | £ 17.5 122 pone 
UO ee serra do. . 23.2 25.5 24.3 PMG ?4 lGgaaasoe 631.3 | £31.8 ZA ia Lae 
NOAM epee re fase do. . 16.3 16.3 20.1 15.5 22.5 23.5 25.5 17.1 22.5 
TG) sys) hay aR Raat do.. 28.5 25.0 21.1 28.3 38. 1 49.7 51.5 25.7 38.1 
IW etseesoneeaes do.. 0 0 0 0 0 0 0 0 0 

Average. .-...-----.--- 18.2 18.0 17.2 18.3 20. 2 24.4 25.7 17.9 20.2 

Crop value, cost, etc.: 
Woaltte taser ee = kerma =e $12.74 | $12.76 | $12.04 | $12.81 | $14.14 | $17.08 | $17.99 |........|....._.. 
GOSH P es oe eeee 6.32 5. 65 5.03 7.03 4.25 13. 96 TONGA Seber ee | aes eee 
rofiteeeeo se eecisce <6 = 6.42 6.95 7.01 5.78 9.89 3.12 To8D locccsase | ae 


@ The failure of winter wheat in 1916 was due to winterkilling. 4 One plat of peas in 1914. 
6 One plat, 1911 to 1913, inclusive. e Three plats in 1914. 
c Two plats of rye in 1914, f One plat, 1910 to 1914, inclusive. 
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The highest profit, $9.89 per acre, was obtained from disked corn 
ground. The value of this method as a farm practice will depend 
upon the profitable growth and utilization of the corn crop. Of the 
continuous-cropping methods, listing (on account of its inexpensive- 
ness) has produced the next highest profit, which is $2.88 per acre 
less than the profit on disked corn ground. 

Table V shows the profit from summer tillage to be next to that 
on disked corn ground. In the case of summer tillage and green 
manuring, however, the fact must be taken into account that a profit 
is secured only once in two years on the same ground. Green 
manuring, being even more expensive and less productive than 
summer tillage, has been the least profitable method. No difference 
is to be noted between peas and winter rye for green manure. 


HUNTLEY FIELD STATION. 


The field station at Huntley, Mont., is located in the valley of the 
Yellowstone River, just below the first bench. The soil is a heavy 
gumbo to a depth of about 8 feet. Underlying the soil is a con- 
siderable depth of freely drained gravel. This soil carries a large 
supply of available water and allows deep feeding of the crop; 
consequently, it is possible to store in it a maximum quantity of water 
that can be recovered by the crop. 

The Huntley station SURES for study three years’ results from 
some methods and four years’ results from others. 

As judged by average yields (Table VI), the methods practiced 
divide sharply into four groups, the production of the best method 
being more than double that of the poorest. These groups are summer 
tillage, with an average yield of 39.4 bushels; green manure, 30.6 
bushels; disked corn ground, 25.8 bushels; and the various methods 
of preparing land continuously cropped to winter wheat, with aver- 
ages ranging from 17.2 to 19 bushels per acre. The differences 
within this latter group are too small to be decisive, particularly as 
they are not consistent from year to year. As between peas and 
winter rye for green manure the advantage at this station is decidedly 
in favor of peas. In only one of the four years for which compari- 
son is afforded has the yield following rye as green manure exceeded 
that following peas. The average yield after peas has been 5.2 
bushels per acre greater than that after rye. 

As judged by relative profits per acre, two methods—summer till- 
age, with an average profit of $16.94 per acre, and disked corn 
eround, with an average profit of $13.81 per acre—stand out as 
being distinctly superior to any of the other methods. The rela- 
tively high profit from summer tillage is due to the very high yield 
from that method, but the superiority of disked corn ground over 
the other methods, while due largely to high yields, may be attrib- 
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uted in part to the relatively low cost of the method. The profits 
of all other methods under trial range from $5.72 on deep fall plow- 
ing of winter wheat stubble to $7.92 on listed wheat stubble. 


Taste VI.— Yields and cost of production of winter wheat by different methods at the 
Huntley Field Station, 1913 to 1916, inclusive. 


Yield bushels). 
ae ield per acre (bushels) 
Treatment and previous crop. of plats 
averaged.| 4913 1914 1915 1916 | Average. 
Deep fall plowed: Winter wheat........-- | i eee 25.7 13.3 12:7 NG? 
Shallow fall plowed: Winter wheat..--...- |. 30.8 12.3 1G 18.9 
Listed: Winter wheat..............-..-- -| |. er 26.2 13.1 16.3 18.5 
Subsoiled: Winter wheat...-..........--.- | La 27.8 13.6 15.5 19.0 
iskeds (Comme |) 6.2. aes cde ee 4 27.4 31.5 26.8 17.3 25.8 
Green manured: 
TTS TERE ee Oe ee ere 2 22.8 36.3 37.5 14.9 27.9 
\ NLD TEE Se es a 2 36.9 33.5 38.7 23.4 Sih I) 
Moraboraverage:-.-.=.-.22----.5.-5- 4 29.9 34.9 38. 2 19.2 30. 6 
SHIMIMOREENOMe eno) mee ya nce ao coos ee Sek 3 41.6 40.6 a 56.1 b 19.4 39. 4 
ISVOESCOON A LO PIAbS. «2 <%= s552cse-52- 58 (oo-- ce -=% 32.2 33. 2 ¢ 38.0 4d 18.0 30. 4 
SUMMARY OF YIELDS AND DIGEST OF COST. 
Tillage treatment. Previous crop. 


Yields, values, etc. (average Green Sum 
per acre). fall low Listed oun mae ae Winter Corn (4 


heat (4 
plowed (1 plat). nured(4 tilled (3|”. plats). 
(1 plat). ey B (1 plat). plas). plats). | plats). plats). 
wields of grain: 
ae he loushelses|e ot eee sel Sle klk el ie OR 29.9 AUG Alene ee es 27.4 
igi ase Si 5 ERE GSE Pas 30.8 26. 2 27.8 31.5 34.9 40.6 27.6} _ 31.5 
iC ae ih es do 13.3 12.3 18}, tl 13.6 26.8 38.2 | @56.1 13.1 26.8 
NOUGE AoE eS ee erase do 12.7 13.7 16.3 15.5 We3 19.2 | 619.4 14.6 17.3 
AVerage.........-.---- 17.2 18.9 18.5 19.0 25.8 30. 6 39.4 18.4 25.8 
Crop value cost, etc.: 
Wraltecteae eee. Ry | $12.04 | $13.23 | $12.95 | $13.30 | $18.06 | $21.42 | $27.58 |........|.......- 
Coster see seb EN Uy 6232 5. 65 5. 03 7.03 AnD ah alosQGre On O4:||teme ces leeee eae 
IBEOE Esso ee De 7.58 7.92 6.27 | 13.81 TAGs 16594 4) SS. oe 


a Hight platsin 1915. 6 Nine platsin 1916. ¢ Twenty platsin 1915. d@ Twenty-one plats in 1916. 
~ BELLE FOURCHE FIELD STATION. 


The field station near Newell, S. Dak., on the Belle Fourche 
Reclamation Project, is located on a heavy gumbo clay soil. The 
soul is derived from the decomposition of Pierre shale. From the 
sou at the surface there is a rapid change to broken but undecom- 
posed shale. Near the bottom of the second foot is a comparatively 
impervious layer of soil. The first foot and at least a part of the 
second foot carry a large supply of available water. It is probable 
that but little use is made of either water or soil below the first 2 feet. 
In spite of the heavy soil and the large supply of water that can be 
obtained by the plant from that portion of it near the surface, the 
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shallowness of feeding reduces the quantity of available water that 
can be carried in the soil to about one-half of that available in deeper 
soils. The result of this is shown in the yields. (Table VII.) 


Taste VII.— Yields and cost of production of winter wheat by different methods at the 
Belle Fourche Field Station, 1909 to 1916, inclusive. 


Num- Yield per acre (bushels). 
ber of 
Treatment and previous plats 
crop. aver- Aver- 
aged. 1909 1910 1911 1912 1913 1914 1915 1916 age. 
Early fall plowed: Winter 
Vea ber peea ery hee Selle Ore il 34.4 0 0 0 21.8 13.4 20.4 8.8 12.4 
Late fall plowed: Winter 
WHOA ener Uh OR stint 1] 19.0 0 0 0) 16.2) 15.1] 34.8] 16.1 12.7 
Listed: Winter wheat... ... | 1 29.3 0 0 0 13.4 15.2] 41.2 15.2 14.3 
Subsoiled: Winter wheat....| 1 29.3 0 0 0} 18.7} 14.7] 25.2 8.5 12.1 
Summer tilled.............- 1} 32.4 9.2 0 0/ 86.5} 32.5} 59.3} 14.8 23.1 
Average of all 5 plats........|...2..-- 28.9 A Ba cctejecie| sie cence 21.3 | 18.2] 36.2] 12.7 14.9 
SUMMARY OF YIELDS AND DIGEST OF COST. 
+ Previous 
Tillage treatment. crop. 
Yields, values, etc. (average per acre). 
pe ee Barly Late fall iste Sub- Summer | Winter 
plowed lowed a plat) soiled tilled wheat 
(i plat). 1 plat). ‘| (1 plat). | (1 plat). | (4 plats). 
Yields of grain: 
DOQQ eee LE ENE bushels. . 34.4 19.0 29.3 29.3 32.4 28.0 
THEE en a Pe Cee do.... 0 0 0 0 9.2 0 
IHL i eee er A ae my TH do 0 0 0 0 0 0 
DO ee Se eC fi ent CE, URIS do 0 0 0 0 0 0 
TS HS SS OO AONE eT uy re do 21.8 16.2 13.4 18.7 36.5 17.5 
OSG Vig Ree ele Sars os od re eo do 13.4 15.1 15.2 14.7 32.5 14.6 
MOUG Mee OCB peo ol irk aes do. 20.4 34.8 41.2 25.2 59.3 30. 4 
a Ae a a is ee ieee sed pe a eae CT a oe do. 8.8 16.1 15. 2 8.5 14.8 12.2 
: PAVETASO 2 EON RIBE 2 Se) Aa Oa Ba 12.4 12.7 14.3 12.1 Zoe 12.8 
Crop value, cost, etc.: 
Wel oo.dGecs asaubsoenssqoss9Gessiisece $8. 68 $8. 89 $10.01 $8. 47 CUI esasecueen 
OSE ee ee ana aes Peba tc Pea es 6.32 5.65 5.03 7.03 10:64) 2s eee5 2 
J BAG) GU Gee AN Sa CS EEE a a 2.36 3.24 4.98 1.44 5.53 Piao 


During the last eight years there have been two total failures of 
winter wheat (1911 and 1912) at the Belle Fourche station. In 1910 
the only wheat produced was 9.2 bushels per acre on summer-tilled 
land. The average yield from summer tillage is almost double that 
from any other method, though in 1909 the yield from this method 
was less than from early fall plowing. Listing has produced the 
highest average yield of the continuous-cropping methods. While 
the average result shows a difference of only 0.3 of a bushel between 
early and late fall plowing, wide differences have been exhibited in 
the individual years. Generally the early fall plowing is very lumpy 
and is difficult to work down to form a compact seed bed. In years 
when there is considerable fall precipitation it is possible to work the 
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early fall plowing into excellent condition for seeding. When this 
condition occurs, little difference is shown between early and late 
fall plowing. In years when the fall precipitation is limited, both 
the best stand and the best winter survival are found on late fall 
plowing. ‘This condition is shown particularly in the results of 1915 
and 1916. The wide margin of difference in favor of early fall 
plowing in 1909 is due to the fact that at that time the grass still 
persisted on the late fall-plowed land. No winter wheat has been 
sown on disked corn ground at this station. 

Summer tillage shows the highest profit, $5.53 per acre. Listing 
is the most profitable of the continuous-cropping methods. Sub- 
soiling, on account of the expense involved, is the least profitable 
of the methods studied. Late fall plowing has given appreciably 
larger net returns than early fall plowing, as the extra labor involved 
in the latter method on the average does not increase the yield. 


ARDMORE FIELD STATION. 


Two types of soil are found on the Ardmore farm—Orman clay 
and Pierre clay. Both of these types hold a high percentage of 
available water and should show favorable results from the cultural 
methods that store moisture. In the Orman clay, on which type 
of soil most of the experiments have been conducted, gravel is found 
at depths of 2 to 4 feet. Crop yields have not been limited so much 
by the inability of the soil to hold all of the moisture taken in as by 
the texture of the soil, which makes penetration of rain on fallow 
land difficult. 

At Ardmore winter wheat failed in 1913 under all methods except 
summer tillage, which averaged in that year 8 bushels per acre. In 
1914 the crop was destroyed by hail. In the other two years under 
study the yields were good under all methods. Summer tillage has 
produced the highest average yield, but in 1916 three of the other 
methods gave higher yields. LHarly fall plowing, late fall plowing, 
and listing have averaged approximately the same. The difference 
in yield between subsoiling and disked corn ground is very small, 
both averaging considerably higher than early or late fall plowing 
or listing. (Table VIII.) 

The profits from summer tillage and green manuring are decidedly 
less than from the continuous cropping methods. The highest net 
return, $11.29 per acre, has been obtaimed from disked corn ground. 
Late fall plowing, involving less expense, has been more profitable 
than early fall plowing. While subsoiling has produced higher 
yields than listing, the profits from the two methods are approximately 
equal. On land continuously cropped to winter wheat, higher 
profits have been secured from subsoiling and listing than from early 
or late fall plowing. 
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TABLE VIII.— Yields and cost of production of winter wheat. by different methods at the 
Ardmore Field Station, 1913 to 1916, inclusive. 


Samba Yield per acre (bushels). 
Treatment and previous crop. of plats 
‘yaveraged.|  j913 1914 1915 1916 | Average. 
Early fall plowed: Winter wheat.......-.-. 1 Oi 2 @) 29.2 29.8 19.7 
Late fall plowed: Winter wheat.........-- 1 Oo) (2) 30.0 27.0 19.0 
Listed: Winter wheat..........----------- 1 0 (@) 25.0 34.0 19.7 
Subsoiled: Winter wheat............------ 1 0 (@) 33.3 34.5 22.6 
MPASKOM COMME mace Se oie sae are cists aie aie Sheree 3 0 (2) 36.4 30.1 22.2 
Green manured: 
WARM OS Stes an ths acn scott eee 1 0 (2) 30.2 33.5 21.2 
Vii TREES... 45 SseosS sone ccadeseseseos 1 0 (2) 30.8 31.3 20.7 
Total or average...-...-------------- 2, Os aeseea- eee 30.5 32.4 21.0 
Sumumnentilledesoe see eee ce ae 3 d8.0 (2) 37.0 31.6 25.5 
Average of all 12 plats. ..---....-.-.-.-----|-.-------- GILG) lescsosesss 33.2 31.3 22.0 
SUMMARY OF YIELDS AND DIGEST OF Cost. 
Tillage treatment. Previous crop. 
Yields, values, etc. Early | Late Green | Sum- = 
(average per acre). fall fall | Listed Bie Diskea | _™2 mer Wanies Corn 
plowed plowed i ) a 3B muted tilled (4 (3 
1 1 pla 2 (3 plats) 
: plat). | plat). Plat). | plats). | plats). | plats). | Plats). 
0 0 0 0 0 0 bg, 0 0 
(2) (2) (2) (2) (2) (2) (2) (2) (2) 
29. 2 30.0 25.0 33.3 36. 4 30.5 37.0 29.4 36.4 
29.8 27.0 34.0 34.5 30.1 32.4 31.6 31.3 30.1 
AVOXALO : 0 coacceee ene 19.7 19.0 19.7 22.6 22.2 21.0 25.5 20. 2 22.2 
Crop value, cost, etc.: 
Wale). 2 So Eero ae eke $13.79 | $13.30 | $13.79 | $15.82 | $15.54 | $14.70 | $17.85 |.-.....-|--...--- 
WOSis a sene. aoe Doe epee: 6.32 5.65 5.03 7.03 4°25) | nal 3390) | gelOs G45 eee 8 | eae eee 
Profithe< ohare setae 7.47 7.65 8. 76 8.79 | 11.29 .74 ADO) erin ce Siegel ae 
a Destroyed by hail. b Two plats in 1913. ¢ Eleven plats in 1913. 


SCOTTSBLUFF FIELD STATION. 


The work at Scottsbluff, Nebr., is conducted at a field station 
located on the North Platte Irrigation Project. The soil is a com- 
paratively light sandy loam. At a depth varying from 5 to 8 feet 
there is a sharp break from sandy loam to either sand or Brule clay. 
Above this point the soil offers no unusual resistance to the downward 
passage of water or to the development of roots. Owing to its light 
character, however, it is possible to store in it only a moderate sup- 
ply of available water. In respect to this point it is somewhere 
intermediate between the Belle Fourche and the North Platte soils. 

At the Scottsbluff station summer tillage has produced the highest 
average yield, though higher yields were produced in 1913 by early 
fall plowing, disked corn ground, and rye as green manure; in 1914 
by disked corn ground and rye as green manure, and in 1916 by rye 
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and peas as green manure and by disked corn ground. ‘The average 
yield of 15.4 bushels per acre from disked corn ground 1s higher 
than that following any other harvested crop, but is 5.2 bushels 
less than on summer tillage and 0.7 bushel less than on rye as green 
manure. The yields after rye as a green-manure crop have been 
consistently higher than the yields after peas. Ground plowed 
early in the fall yields nearly twice as much on the average as ground 
plowed late, but only about three-fifths as much as disked corn ground. 
The results from listing and subsoiling are not sufficient for com- 
parison with the results obtained from other methods. (Table IX.) 


Tasre 1X — Yields and cost of production of winter wheat by different methods at the 
Scottsbluff Field Station, 1912 to 1916, inclusive. 


Yield hels). 

Neciber ield per acre (bushels) 
Treatment and previous crop. 0 S| EEE 
averaged.| j919 | i913 | 1914 | 1915 | 1916 | Average. 
Early fall plowed: Winter wheat........- 1 6.3 ead 17.8 8.7 5.2 9.1 
Late fall plowed: Winter wheat.......-..- 1 0 0 12.8 11.7 2.5 5.4 
Listed: Winter wheat..............--.--- 1 | Soeee lees alld Sooo eh Ales Shy 3.8 3.8 
Subsoiled: Winter wheat...............-- || Sas ee Portail alae Vaan 5.0 IB 7 
DiSked sy COrHee Sc ao a Be 3 15.6 10.5 18. 2 25.7 6.9 15.4 

Green manured: | 

IVVIGURT TY OS c eee en ke eee 1 14.0 9.0 26.7 23.8 7.0 16.1 
\IVAT Sy Oe She ee ee ee arene an ae 1 12.3 6.3 2a. or gn258 58 6.3 1251 
Potahoravyerage.- 0-3 32). s cock 2 13.2 Mell 25.0 | @23. 6.7 15.3 
Summenetilled ee soo) epssees 2 20.9 6.8 32.0 37.0 G32) 20.6 
Me prarcoielbiplits...6-4 0c ts. ss 1355 (oz 5 Lome old IGP 8.7 14.2 


SUMMARY OF YIELDS AND DIGEST OF CosT. 


Tillage treatment. ; Previous crop. 
| 
Yields, values, etc. Early | Late | Green | Sum- . 
(average per acre). fall fall | Listed S aren Disked| ma- mer AV iabce Corn 
plowed) plowed @! a (3 nured | tilled (4 
1 el plat) lat) plats). (2 (2 lats) plats). 
plat). | plat). P plats). | plats). | P’2')- 
(EE es ieee ||: 5 op oe 3 15.6 13.2 20.9 63.2 15.6 
Ondo) se eee 10.5 Ustl 6.8 63.9 10.5 
T2583 tere sees 22.3 18.2 25.0 32.0 | ¢ 17.6 18.2 
a Ay oe et COs 25.7 | @ 23.8 37.0 4.1 25.7 
2.5 3.8 5.0 6.9 6.7 6.2 8.0 6.9 
5.4 3.8 13.7 15.4 15.3 20.6 7.4 15.4 
| 
$3.78 | $2.66} $9.59 | $10.78 | $10.71 
5. 65 5.03 7.03 4,25 13. 96 
Profit or loss........... .05 | —1.87 | —2.37 2.56 6.53 | —3. 25 


a One plat in 1915. 6 Two plats in 1912 and 1913. ¢ Three platsin 1914. 


Disked corn ground has averaged the largest profit—$6.53 per 
acre. The next highest profit has been secured from summer tillage. 
Excepting subsoiling, since only two years’ results are available for 
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this method, the only other method showing a profit is early fall 
plowing, with a nominal one of $0.05 per acre. Green manuring and 
late fall plowing show losses of $3.25 and $1.87 per acre, respectively. 
The loss shown for listing is for one year, 1916, when none of the 
methods except disked corn ground produced a profit. 


NORTH PLATTE FIELD STATION. 


The work here presented is conducted on the table-land of the 
North Platte Field Station. The soil is of the type generally known as 
loess. . With the exception of the humus accumulated near the surface, 
it is practically uniform to great depths. The storage and use of water 
is unlimited by the depth of the soil or any peculiarities in it. The 
development of roots is limited only by the physiological character 
of the crops grown and the available moisture. It is a soilon which 
a maximum of results from tillage methods would be expected. 

The highest average yield of winter wheat at the North Platte 
station has been 22.6 bushels per acre, obtained after rye as a green- 
manure crop, a yield of 0.5 bushel higher than that on disked corn 
ground, which shows the next highest average. The yields after peas 
have averaged 2.3 bushels less than the yields after rye. The yields 
on disked ground after potatoes, winter wheat, and oats have aver- 
aged 3.7, 7.5, and 9 bushels less, respectively, than on disked corn 
sround. The yields from summer tillage have averaged higher than 
from any of the continuous cropping methods except disked corn 
eround. Early fall plowing has given higher yields than late fall 
plowing, and late fall plowing of winter-wheat stubble has given 
higher yield than disking winter-wheat stubble. Disked oat ground 
has given the lowest average yield. The most profitable method has 
been disked corn ground, with disked potato ground next. Disking 
as compared with summer tillage, green manuring, or plowing fol- 
lowmg the same crop has been the more profitable method except 
where the crop followed oats. Plowing oat,stubble has given a 
sufficiently higher yield than disking the same to make it the more 
profitable method. On land continuously cropped to winter wheat 
the average profit from early fall plowing has been the same as from 
late fall plowing. The profit from summer tillage has been much 
ereater than from green manuring, but less than from any method 
producing a crop each year. (Table X.) 

Winter wheat was grown in field tests at the station during the 
years 1907 to 1911, inclusive, on land summer tilled the year preceding 
the wheat crop and on land continuously cropped to winter wheat 
and early fall plowed. ‘The figures have been published in Nebraska 
Bulletins Nos. 118 and 135 and in United States Department of Agri- 
culture Bulletin No. 268, entitled ‘‘Crop Production in the Great 
Plains Area.’”’ These figures, averaged with the results obtained on 
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the dry-land agriculture rotations from summer tillage and early fall 
plowing of winter-wheat stubble for the years 1912 to 1916, inclusive, 
show an average yield for the 10 years of 30.6 bushels per acre from 
summer tillage and 15.3 bushels on early fall plowing. 


Taste X.— Yields and cost of production of winter wheat by different methods at the 
North Platte Field Station, 1912 to 1916, inclusive. 


NubeR Yield per acre (bushels). 
Treatment and previous crop. of plats 
ayetaged.| gram iiss) iota agi: |" 1916 | Ayerace: 
Early fall plowed: 
Wanterwineate. sete ssl os eects ee 1 ay 3.8 4.7 39.8 28.3 16.9 
Winter wheat (manured)............. 1 Be) 2.2 4.5 31.2 31.3 WES 74 
CERCA BEAR CROSS ERR ieee terete ana 1 10.5 3.8 7.2 42.5 23. 0 17.4 
Motaliomaverage /2 4. 14s LM su Ty 3 2 3.3 5.5 37.8 27.5 16.7 
Late fall plowed: Winter wheat..........- 1 ay 3. 2 3.3 39.7 23.5 15.4 
Disked: 
Winterwheat 2275/2 2g eee sec. ee 2 B 4.3 3.0 38. 0 26.3 14.6 
(till. Uo Seen eB ee Cones BAO T CHC eSe eee 9 10.0 16.9 8.0 37.3 38. 4 22.1 
OAiSaee eet eae sisitec eee cnate Sse celeste 2 7.1 3.3 42.6 12.4 13.1 
OtatOes aso seei 58 see fae 1 14.5 (66) 36.3 33. 6 18.4 
Motalonaveraveeitac: sscsec cesses 14 | 6 13.5 6.6 38. 0 32.6 19.5 
Green manured: 
WADE Ore ajo vias cece cet Me males eases 1 28. 2 24.0 8.3 18.3 34.3 22.6 
AV WiEUEDGrStrece scree thee cis nto aie ae assis s 1 23. 8 15. 5 LES 25.3 25. 3 20.3 
MOUAKOMANCLALO aa) 2 emit= sie) cose. 2 26. 0 19.8 10.0 21.8 29. 8 21.5 
Bummer Giled es... cael oes oS eealege = eis a 5 1257 23.7 10. 1 31.7 30. 0 21.6 
PAV ELArOOneAll Zo. DIALS ec cccsisinis -\=\-i-/= <1 eis a|'eemece= 2 on 14. 4 7.3 35. 5 30. 9 19.6 
SUMMARY OF YIELDS AND DIGEST OF Cost. 
Tillage treatment. Previous crop. 
Yield, values, ete. Early | Late Green | Sum- AI inter Pota- 
(average per acre). fall fall | Disked| ma- mer | smali eat Oats | Corn | toes 
plowed | plowed} (14 nured | tilled | grain G 3 (9 ad 
(3 (1_ | plats). (2 (5 (8 lats) plats). | plats).| plat). 
plats). | plat) plats). | plats). | plats). | P’#%S?- 
Yields of grain: 
1912....... bushels. - 9.2 ez 6.6 26.0 12.7 4,7 5.4 3.5) 10.0 0 
hOlgeeeera ee dOws es 3.3 BHP} 13:5 19. 8 23.7 4.5 3.5 6.0} 16.9 14.5 
NOI esos dO... 525 3.3 6.6 10.0 10,1 4.0 3h 7 4.6 8.0 (aS 
ID seco oo ODE 37.8 39. 7 38. 0 21.8 31.7 39.3 37.3 | 42.5) 37.3 36.3 
DOUG ee eere see do. 27.5 23.5 32. 6 29. 8 30. 0 22.9 27.1 15.9 | 38.4 33. 6 
Average....----.. 16.7 15. 4 19.5 21.5 21.6 15.1 W5E4A 14s 5) | 22-1 18. 4 
Crop value, cost, ete.: oe 
SUE eee seem e SLIGO S104 78) | ol3s65) | lon Obl iaasee oy | emer I eek | eae oe eee 
WOSte-o eee ene tene 6.32 5. 65 AS25213! GOR MMR GAS iru Te ee ea a 
Profitisscssesesce: 5.37 5.13 9. 40 1.09 ANA SH | stabs ee |e lei Sea ee ial a erayevail netic ore 


soil is underlain with a bed of gravel. 


ARCHER FIELD STATION. 

The work at the Archer station is on a very high upland. The 
soil is a uniform, medium-dark sandy loam, with some fine gravel 
distributed very evenly through it. 


At a depth of 3 to 6 feet the 


Commonly a hardpan of 
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particles of fine sand cemented together is found overlying this 
bed of gravel. Water does not leach readily through this compact 
layer. 

The results from the Archer station are so meager that no definite 
conclusions can be drawn. In 1914 there was a total failure due to 
winterkilling under all methods, while in 1916 the stands on the 
disked corn ground and green-manure plats were destroyed by drift- 
ing soil from an adjacent field. Summer tillage has produced higher 
average yields than the continuous cropping methods for which three 
years’ results are available. The average yields from early fall 
plowing and late fall plowing are approximately equal and are slightly 
higher than the yields from listing and subsoiling. (Table XI.) 


TaBLe XI.— Yields and cost of production of winter wheat by different methods at the 
Archer Field Station, 1914 to 1916, inclusive. 


Nl 


pyal 5 
ree ield per acre (bushels) 
Treatment and previous crop. Cs SSS 
averaged.) 4944 1915 1916 | Average. 
Early fall plowed: Winter wheat.............---.--- 1 0 24.7 7.4 10.7 
Late fall plowed: Winter wheat............-...-.-.-- i 0 25.9 4.2 10.0 
ALISTed sane bin heaitam tema te 2 eee ee nae es il) 0 21.2 5.4 8.9 
Subsovled:-aWarmen wheats eseoseeee see eases 1 0 24.2 2.4 8.9 
Disked Compe. 2F-B beck ose Sees Meese a Se ew ee 3 0 PAfo lb (a) 13.6 
Green manured: 
ATLAS ya ees hae CVs 9 A aD ae) Balle A 1 0 25.3 (2) 12.7 
AWilthn pea Sis See ee me a aes Ue aim ak ahs on ee 1 0 29.7 (a) 14.9 
Motalioriaverageeaspesae ee eaee eee ee eee 2 Berea ae Hes aye ea intra | 13.8 
Summentilledase ssc see ee oe ae eas See 3 (0) 26.4 e11.4 12.6 
Averace ofall il 2iplats na jase peeece eee eeeeseise sees |eee cee ae ceeeicne 26.0 46.2 10.7 
SUMMARY OF YIELDS AND DIGEST OF COST. 
Tillage treatment. Previous crop. 
Yields, values, etc. Early | Late Green | Sum- A 
(average per acre). fall | fall | Listed | SUP |Disked| ma- | mer | Wi@tet Corn 
plowed Bove on | ral on ie tilled (4 Ee ) 
1 1 plat). | plats). 2 (3 plats). 
plat). | plat). a: plats). | plats). | Plats). 
Yields of grain: 
WOME ee essa ce bushels. . 0 0 0 0 0 0 0 0 
LOLS ee ee eee do.. 24.7 25.9 21.2) 24.2 27.1 27.5 26.4 24.0 27.1 
TOG eae ese do 7.4 4.2 5.4 2.4] (a) (2) c 11.4 4.9| (a) 
IAVOTAPC Lae rs ssss 5: 10.7 10.0 8.9 8.9 | 13.6 13.8 12.6 9.6 13.6 
Crop value, cost, etc.: 
Values s S5-eo reas 2a « $7.49 | $7.00 | 86.23 $6.23 | $9.52 | $9:.66')  $8.82))---.-2e.)5---.--- 
@ostiss ssece 20 eee Gu 6.32 5.65 5.03 7.03 4.25 13. 96 LONG45) seen ieteaesae 
Profitiorlosse--ee oe cee HSU 1.35 1.20 | —0.80 S221 |) — 4530" | — i Sa eels raetalierereteatel ate 


a Stands destroyed by drifting soil in 1916. 

b Two plats in 1914. 

c One plat in 1916; stands on the others destroyed by drifting soil. 
d Five plats in 1916. 


Late fall plowing has been slightly more profitable than either 
early fall plowing or listing. Green manuring, summer tillage, and 
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subsoiling have not proved profitable, green manuring showing the 
greatest loss. As an average for the two years for which results 
are available from disked corn ground, this method has given much 
higher net returns than any other method. 


AKRON FIELD STATION. 


The soil of the field station at Akron, Colo., is of a clay-loam type 
locally known as ‘‘tight land.” It is characterized in the native 
vegetation by a growth of short grass. As it carries in each unit 
section a considerable supply of water and as it offers no physical 
obstruction to the development of roots, it is possible to store in it 
a large quantity of water available to a crop. It is a soil on which 
maximum results would be expected from methods of tillage calcu- 
lated to store water. (Table XII.) 


TaBLeE XII.— Yields and cost of production of winter wheat by different methods at the 
Akron Field Station, 1910 to 1916, inclusive. 


Num- Yield per acre (bushels). 
ber of 
Treatment and previous crop.| plats i 
aver- ver- 
aged. 1910 1911 1912 1913 1914 1915 1916 age. 
Early fall plowed: Winter 
sti b= aoe senee iat eeeee 1 10.3 6.8 26.7 2.0 24.8 20.8 4.2 13.7 
Late fall plowed: Winter 
WHCA ieee ween ee ese. oct 1 11.4 1.7 25.8 3.3 24.5 22.0 4.2 13.3 
Listed: Winter wheat...-.-- 1 8.8 6.0 30.0 7.2 2153 18.2 wet. 14.2 
Subsoiled: Winter wheat...-. 1 6.9 3.3 21.2 3.2 24.5 21.0 3.8 12.0 
Diskede Come ssc 25 ss sone 3 17.7 3.1 36.3 11.4 27.7 26.2 1553 19.7 
| a SS SS SS PS SS SS ee SS SE 
Green manured: | 
Whitila nye y=) S522) 22d. 4 15.7 3.8 36.8 8.4 26.4 25.7 19.2 19.4 
Wathypcase. -. 22. .5-5.5- 4 12.7 2.4 33.2 4.2 23.1 13.8 9.7 14.2 
Total or average.....-. 8 14.2 3.1 35.0 6.3 24.7 19.7| 14.5 16.8 
————$—$«—| 
Summer tilled... .-:.....:=. 2 18.0 10.5 40.9 12.7 27.0 27.4 24.9 23.1 
Average of all 17 plats.-_...-- bo eeicieicias 14.1 4.3 33.8 7.4 25.3 22.0 13.6 17.2 
SUMMARY OF YIELDS AND DIGEST OF COST. 
Tillage treatment. Previous crop. 


Yields, values, etc. (average Earl - 
y | Late Green | Sum- | Winter 
per acre). fall fall | Listed ue Disked| ma- | mer | wheat | Corn 
plowed!] plowed/|(1plat). (1plat) (8plats).| nured | tilled if 4 |(8plats). 
; ats). 


\(1plat)./(1plat). 8plats).|2plats).| plats) 
bushels. - 10.3 11.4 8.8 6.9 Ligh 7 14.2 18.0 9.4 ile 
ee dors 6.8 Nez 6.0 3.3 3.1 3.1 10.5 4.5 3.1 
= At ae Ber aaSe do.... 26.7 25.8 30.0 21.2 36.3 35.0 40.9 25.9 36.3 
IS ae ee ees do. 2.0 38 7.2 3.2 11.4 6.3 IPEY; 3.9 11.4 
Bae enass- asec do. 24.8 24.5 21.3 24.5 27.7 24.7 27.0 23.8 27.7 
Oh ee Se ae» do. 20.8 22.0 18.2 21.0 26.2 19.7 27.4 20.5 26.2 
Sena ccmsiciase do. 4.2 4.2 Texte 3.8 15.3 14.5 24.9 5.0 15.3 
BRMCTASOR Steins cinom sane 13.7 13.3 | 14.2 12.0 19.7 | 16.8 23.1 13.3 19.7 

Crop value, cost, etc.: ; 

WOVE SoS ep SSeL DD ee $9.59 | $9.31 $9.94 | $8.40 | $13.79 | $11.76 | $16.17 |........|-.------ 
OSE sae ei: costes ts oe5 6. 32 5. 65 5.03 7.03 4,25 13. 96 TORGE eee | Saoeeees 
Profit or loss....------ 3.27| 3.66| 4.91 | ine ee | Pag Bape ee | ie has 
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At the Akron station the highest average yield, 23.1 bushels per 
acre, has been obtained from summer tillage. The yields from 
summer tillage have been higher than from any other method each 
year except in 1914, when the yield on disked corn ground was 0.7 
bushel higher. Disked corn ground, with an average of 19.7 bushels, 
has given the next highest yield. The average after rye as a green- 
manure crop is 0.3 bushel less than that on disked corn ground, while 
the average after peas is 5.5 bushels less. The yield after peas every 
year has been lower than afterrye. The yield after peas is no greater 
than from some of the continuous-cropping methods. There is very 
little difference in the average yields from early fall plowing, late fall 
plowing, and listing. Subsoiling has given the lowest average yield. 

Disked corn ground has given the highest net returns, $9.54 per 
acre, almost double the profit from listing, the next most profitable 
of the continuous-cropping methods. The profit from disked corn 
ground exceeds that from summer tillage by $4.01. Late fall plowing, 
while averaging slightly less in yield, has given somewhat higher net 
returns than early fall plowing, because it is a cheaper method. Sub- 
soiling has been the least profitable of the continuous-cropping 
methods. The only loss sustained is $2.20 per acre from green 
manuring. ~ This loss is due entirely to the peas, which show a loss of 
$5.65, whereas rye has averaged a profit of $1.12 per acre. 


HAYS FIELD STATION. 


» The soil on which the experimental work has been conducted at 
the station at Hays, Kans., is a heavy silt loam. It can carry a large 
quantity of water available to a crop. Penetration to the lower 
depths, however, is slow. The very compact zone in the third foot 
offers marked resistance both to the downward passage of water 
and to the development of roots. While the evidence is not as 
complete as might be desired, it appears that the proportion of water 
that can be stored in this soil is somewhat above the average. 
Summer tillage has produced the highest average yield, 22.7 
bushels, of winter wheat at the Hays station, though in 1907,1914, and 
1915 the yields from some of the other methods have exceeded those 
from summer tillage. The next highest average yields, 19.6 and 19.2 
bushels, were obtained from subsoilmg and listing, respectively. 
The average yield of 17.6 bushels from early fall plowing is 6.6 
bushels greater than that from late fall plowing, the yields from the 
former method being larger than from the latter method every year 
except in 1908. Disked corn ground has averaged 2.2 bushels less 
than early fall plowmg and 4.4 bushels more than late fall plowing. 
The yields from green manuring average 5.7 bushels less than for 
summer tillage and are lower than from any of the other methods 
except late fall plowing and disked corn ground. The yields after 
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rye and after peas average practically the same, though in 1908 the 
yield after peas was very much lower and in 1910 very much higher 


than the yield after rye. 


of common field 


peas. 


Previous to 1910 cowpeas were used instead 
(Table XIII.) 


TasiE XIII.— Yields and cost of production of winter wheat by different methods at the 
Hays Field Station, 1907 to 1916, inclusive. 


Num- Yield per acre (bushels). 
Treatment and Deve 
previous crop. ee 5 : econ 
aged. 1907 | 1908 | 1909 | 1910 | 1911 | 191 1913 | 1914 | 1915 | 1916 age. 
Early fallplowed: Win- 
ter wheat............ 1 | 18.2} 23.2 )¢H | 27.8) 0.3 | 13.8] 2.3 | 24.8 018.1 [629.7 17.6 
Late fall plowed: Win- 
ter wheat..........-. 1) 11.7} 25.6} H | 20.3] 0 2.3 -8 | 20.6] 9.3) 87 11.0 
Listed: Winter wheat... 1| 12.4] 28.1!) H | 36.7 -6 | 26.6 | 8.4} 23.1} 13.9 | 23.1 19. 2 
Subsoiled: Winter 
Wiig: ane = ee Paes 1 | 13.6 | 30.5} H | 39.8 -3 | 20.1) 4.1] 25.3 | 14.9 | 27.6 19.6 
Disked: Corn.......... 4) 8.2) 11.1) H | 28:2 -3 | 13.6 | 7.2 | 18.0} 20.1 | 31.7 15.4 
Green manured: 
With rye..........- 2) 10.9] 22.5} H | 26.8] 1.8] 6.6] 8.4] 21.7] 20.8 | 31.3 16.8 
With peas ¢ .__.-.. 2/14.3/¢49.4) H | 39.7] 2.0) 7.5] 5.7) 23.0] 20.9 | 31.5 17.1 
Total or average. . AN LZNG ELS loos... 33:2) 1.9) 7.0) 7.1 | 21.1 | 20:8 | 31.4 17.0 
Summer tilled......... 2 \d12.3 | 30.7] H | 42.6] 3.9 | 28.5 | 13.4 | 20.8 |/16. 4 |736.0 22.7 
Average of all 14 plats..|........ 11.6 | 20.6 |...-.. 32.5] 1.3) 14.4] 7.1 | 20.8 |917.0 |933. 7 17.7 
SUMMARY OF YIELDS AND Digest or Cost. 
Tillage treatment. Previous crop. 
Yields, values, ete. Early | Late Sub- Green | Sum- | Winter 
(average per acre). fall fall | Listed | soiled | Disked| ma- mer | wheat | Corn 
plowed} plowed| (1 qa (4 nured | tilled (4 (4 
al @l plat). | plat). | plats). (4 (2 plats). | plats). 
plat). | plat). plats). | plats) 
Yields of grain: 
® iy /3 Bae See bushels 18. 2 11.7 12.4 13.6 8.2 12.6 | @12.3 14.0 8.2 
TCDS; Se eee ae do.. 23. 2 25.6 28. 1 30. 5 11.1} €18.1 30.7 26.9 is 7 
TICS] 0/S 3 er eee eet do....| aH H H H H H H H H 
TOUOR Yea pe. do. 27.8 20. 3 36.7 39. 8 28. 2 33. 2 42.6 31.2 28.2 
HOUSE B. atb. do. 3 0 -6 -3 ae 1.9 3.9 13 38) 
DUD retard do. 13.8 2.3 26.6 20.1 13.6 7.0 28.5 15.7 13.6 
1OIBRE SS See do. 253 .8 8.4 4.1 02 Gl 13.4 3.9 7.2 
QTASi re ae Teer do. 24.8 20.6 23. 1 25.3 18.0 21.1 20. 8 23.5 18.0 
1G) See ese ae ae do. 618.1 9.3 13.9 14.9 20. 1 20.8 | £16.4] 415.4 20.1 
TG Ss Seen eee ee do. b 29.7 8.7 23.1 27.6 31.7 31.4 | 36.0] 224.8 Sil, 7 
PAVCTAR Oo oc) cince one 17.6 11.0 19. 2 19.6] (15.4 17.0 ONT 18. 4 15.4 
Crop value, cost, etc.: 
elie we ee eee ae See $12.32 | $7.70 | $13.44 | $13.72 | $10.78 | $11.90 | $15.89 |........]_......- 
COS Gan neeseeice 6. 32 5. 65 5. 03 7. 03 A by |) eR es TO Gc eee 
Profit or loss........... G1003 |e 2405),| 01 5: 41g GG) ekGs53 | 2506))|" besa 1h eee ee | ea 


a H=destroyed by hail. 


b Three plats in 1915 and 1916. 
¢ Cowpeas were grownfrom 1906 to 1909; field peas grown since 1909. 


d One plat. 


e Three plats in 1908. 

f Thirty-one plats. 

g Forty-five plats in 1915 and 1916. 
h Six plats in 1915 and 1916. 


The highest profit has been obtained from listing, which yields a 
greater profit than subsoiling, because it is a less expensive method. 
The profit on disked corn ground is slightly lower than from subsoiling 
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and somewhat larger than from early fall plowing. The practicability 
of the method of using disked corn ground depends on the value of 
the corn crop. Late fall plowing, on account of the poor yields 
obtained from this method, shows the lowest profit, while summer 
tillage, on account of the cost of the method, has given next to the 
lowest profit. The yields from green manurig have not been 
sufficient to pay the cost of production by this method. 


GARDEN CITY FIELD STATION. 


The work at Garden City, Kans., is on a high upland. The soil 
is a light silt loam. With the exception of the accumulated humus 
near the surface, it is practically uniform to a depth of at least 15 
feet. The development of roots is limited only by the depth to 
which water is available and by the physiological character of the 
crop. The light character of the soil, however, makes it possible to 
store in each unit of it only a comparatively small quantity of water. 
This is not entirely overcome by the depth of the soil. The results 
in storing water have been determined largely by the limited yuan- 
tity available for storage. In no year under any method practiced 
has the soil been filled with water to as great a depth as it is possible 
for the crop’to develop roots and use available water. (Table XIV.) 


TaBLE XIV.—Yield and cost of production of winter wheat by different methods at the 
Garden City Field Station, 1909 to 1916, inclusive. 


Num- Yield per acre (bushels). 
Treatment and previous Ee 
ae aver- | y999 | 1910 | 1911 | 1912 |1913| 1914 | 1915 | 1916 | AVE 
aged. age. 
Early fall plowed: Winter 
Wiheat hee cy. eee ee ee 1 0 0 0 Oats 6.3 | 10.0 0 2.3 
Late fall plowed: Winter 
WIRGA Gap ae od CaN ee 1 0 0 0 O) | Sen-es- 7.3 | 10.0 0 25 
Listed: Winter wheat. .....- 3 0 0 0 QO. [420 5%5: 8.9} 12.6 PA 3.4 
Subsoiled: Winter wheat. . . 1 0 0 0 (UR GAasee 16.7 9.9 0 3.8 
Disked: | : 
Worm se: Saas es b1 0 0 0 Ou) Seok: 8.7} 16.8 0 3.6 
Ota OCS Meroe Spee oeeseas 1d Sessa ol BREE |e oe no betel b eaocee 4:3 12.8 ee (a! 
Total or average. -.-.-. 2 0 0 0 ORS -mee 8.0] 14.8 .6 3.3 
Green manured: 
Wathinygests 92-22: ee c2 0 0 0 (08 e egomaes 16.1 9.0} 10.0 5.0 
Wiathipeass ieee eee dl 0 0 0 0: 2a 14.5 16.8 152, 5.5 
Total or average. .--.- €3 0 0 0 Os|ste2toe 1555 |) V6 geil 5.2 
Summer tilled...........--- fil 0 0 0 eae 12,5 | 21.3| 7.7 5.9 
Average of all 229 plats.....-|.-...... 0 0 0 il sgersigee 11.4} 16.7 5.4 4.8 


a Birds destroyed the young wheat plants in the fall, 
and the plats were reseeded to spring wheat. 

b Two plats, 1909 to 1913, inclusive. 

¢ Five plats, 1909 to 1913, inclusive. 


d Four plats, 1909 to 1913, inclusive. 
e Nine plats, 1909 to 1913, inclusive. 
Ft Two plats, 1909 to 1912, inclusive. 

9 Sixteen plats, 1909 to 1912, inclusive; 29 in 1913. 
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Taste XIV.— Yield and cost of production of winter wheat by different methods at the 
Garden City Field Station, 1909 to 1916, inclusive—Continued. 


SUMMARY OF YIELDS AND DIGEST OF COST. 


Tillage treatment. Previous crop. 
Yields, values, etc. ; Green | Sum- = 
(average per acre). Baily ate Listed | Sub- |Disked| ma- mae Winter Corn Polar 
plowed |plowed ists) Gua ists) ee x aE (6 plat) e| 
(1 plat).|(1plat).| P'S? | Plat?) Pal” | plats).a| plats).0| Plats). **| plat). 
Yields of grain: 
1909. . . _ bushels. . 0 0 0 0 0 0 0 0 Qe eee eee 
5 09) Ut eee: Gone 0 0 0 0 0 0 0 0 I Sine | ec 8 
HOMERS 224 do 0 0 0 0 0 0 0 0 Qe hee tee 
1) do 0 0 0 0 0 0 0 0 OR eS. 
1913 @ O05 55)| S55 Soc] cece h lscoeeera OseEee 0) cocncseee) pare coca bordeacdlocecserclodocc ‘scleracrae 
1Ql4 do 6.3 7.3 8.9 16.7 8.0 15.5 12.5 12.8 8.7 %3 
TONG NE es. do 10.0 10.0 12.6 9.9 14.8 11.6 21.3 11.3 16.8 12.8 
1916. S523: do 0 0 2.1 0 -6 9.1 7.4 1.1 G 1,2 
Average.....-.- 2.3 2.5 3.4 3.8 3.3 5.2 5.9 3.6 3.6 rial 
Crop value, cost, ete 
ie (ees See tee $1.61 | $1.75 | $2.38 | $2.66 | $2.31 | $3.64 | $4.13 |......-- cere Seas 
(COS Faeeae sae 6.32 | 5.65 5.03 7.03 4.25 | 13.96] 10.64 |-.------ Jesoecess Wsefene ge 
Ecatitonlassssst 4271 ||) 3.90) || 2265 | —4 03st 94) | 10132) Geis ee eee ee (serge 
J 
a Nine plats, 1909 to 1913, inclusive. d Birds destroyed the young wheat plants in the 
b Two plats, 1909 to 1912, inclusive. fall, and the plats were reseeded to spring wheat. 


¢ Two plats, 1909 to 1918, inclusive. 


Winter wheat was a total failure at the Garden City station every 
year from 1909 to 1918, inclusive. During these years no method 
of tillage overcame the unfavorable conditions. As no cultivated 
land borders on the station, pests, such as rabbits, grasshoppers, and 
birds, often reduce the yields as much as and sometimes more than 
unfavorable climatic conditions. Green manuring has never pro- 
duced profitable yields. Early fall plowing, late fall plowing, and 
summer tillage produced profitable yields in 1915, while subsoiling 
yielded a profit in 1914. Disked corn and potato ground and listing 
were profitable in 1914 and 1915. No method has averaged a profit 
for the seven years. The average losses per acre range from $1.94 on 
disked corn and potato ground to $10.32 from green manuring. 


DALHART FIELD STATION. 


The soil at Dalhart, Tex., is a sandy loam. In some respects it 
behaves like sand. In other respects it exhibits the characteristics 
of a heavy clay soil. Its water-holding capacity is comparatively 
limited. The crops appear, however, to be able to utilize its water 
to the depth of a normal root development. 

At the Dalhart station the crop of winter wheat was totally de- 
stroyed by hail in 1910 and 1912, and these years are not used in the 
averages. In 1909, 1911, 1913, and 1916 no yields were produced 
from any of the methods. In 1914 all the methods, except summer 
tillage, produced profitable yields, but that is the only year when 
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there were any profitable yields. When yields have been secured 
there have been no marked differences between the various methods. 
Drought and soil blowing in early spring have been the chief causes 
of failures and low yields. (Table XV.) 


TasLe XV.— Yield and cost of production of winter wheat by different methods at the 
Dalhart Field Station, 1909 to 1916, inclusive. 


Num- Yield per acre (bushels). 
Treatment and previous ae 
crop. aver- Aver- 
aged. 1909 | 1910 | 1911 1912 | 1913 | 1914 1915 1916 age. 
Early fall plowed: Winter 
FINO A ae eis ene attests ace 1 0; ¢H 0| aH 0} 10.0 8.3 O|e 3.1 
Late fall plowed: Winter 
wiheataic. saath a= o-c5 ne 1 0 H 0 H 0} 12.0 5.3 0 2.9 
Listed : Winter wheat. --..- 1 0 H 0 H ONE 1050) |Sae ese leee eee Oss 
MIske dics COMM estes wets aicciee 3 0 H 0 H (eee Peeosee paceore 0 
Green manured: 
Withinye)s-.---ssss5e 4 0 H 0 H i aGSnene| Boasocd| kK-cabn- 0 
With pease. 2-5-5225 4 H 0 H O)easecce|Seoscad Beado- 0 
Total or average...-.-- SSR Bess DeSean Socscad Seasoes poeacee Cseases Sseeosel secboce 0 
Summer tilled....--....---.- 2 0 H 0 H 0} ¢13.1] c8.0 c0 Sa 
Averagelonallel Gsplatssen as eee see | ae ene ee earl Beenie | (ate-)s eeeeee @11.3 | €7.2 e0 3.1 


SUMMARY OF YIELDS AND DIGEST OF Cost. 


2 Previous 
Tillage treatment. crop. 
Yields, values, etc. (average per 
acre). Early Late Disked Green | Sum- | Winter 
fall fall | Listed man- mer | wheat | Corn (3 
plowed | plowed |(4 plat). plats) ured (8 |tilled (2 (3 plats). 
(1 plat). | (1 plat). * | plats). | plats). | plats). 
Yields of grain: 
QOS SS: casa eteseceer bushels 0 0 0 0 0 0 0 0 
1OTORE ees sel veiee ters do.- al H H H H H H H 
TASS Tete eS eee oe rt do 0 0 0 0 0 0 0 0 
HOLDS Pee. ya 6 ETS do a H H H H H H H 
OT eo. ceisacea ess do 0 0 0 0 0 0 0 0 
LOMA cure ano) they Sarees See do 10.0 12.0 ORG RES arene Memeaeas 13.1 LOM | SE SERS 
1 Ke) ares te ame al do 8.3 DRS ye eRe Reece see asoraerc 8.0 iG Baeatace 
TOTG Ra EEE See sa do 0 Ody Ree aoe IE SEER PE eee es 0 FOV eS 
AvVerapes segs ere. SERIES NS. 3.1 2.9 25 (PEERS Ce SES. 3.5 2.9 0 
Crop value, cost, ete.: 
AUC ese ve ee ee emer maee $2.17 $2.03 | $1.75 0 0 $2540 tesa e ne |eieesce 
COSTAR eae NS ey 6.32 5.65 5.03 A251 3964) eh ONG40eeee cee. | eeceeeee 
ro fib OMlosSassaeeeeen nese —4.15 —3.62 | —3.28 | —4.25 |—13.96 | —8.19 |........|......-- 
a H=Destroyed by hail. d¥our plats in 1914. 
bCowpeas grown from 1908 to 1910; field peas grown since 1910. e¢ Three plats in 1915 and 1916. 
c One plat in 1914, 1915, and 1916. ft Two plats in 1915 and 1916. 


AMARILLO FIELD STATION. 


The soil at Amarillo, Tex., is a heavy clay silt. It is of the type 
locally known as “‘tight land” or ‘“‘short-grass land.’’ While the 
evidence is not as complete as could be desired, it appears that the 
storage of water and the development of the feeding roots of the crop 
are interfered with by a comparatively impervious layer of soil in 
the third foot. 


WINTER WHEAT IN THE GREAT PLAINS ARBEA. i. 


The results of eight years are available from Amarillo. The 
year 1910 was lost by reason of an enforced change in the location of 
the station. In four of the eight years the yields were fair and in 
four they were very poor. (Table XVI.) 


Taste XVI.— Yield and cost of production of winter wheat by different methods at the 
Amarillo Field Station, 1908 to 1916, inclusive. 


Num- Yield per acre (bushels). 
ber of 
Treatment and previous crop. | plats 
aver- 9 Aver- 
aged. 1908 | 1909 | 19101} 1911 | 1912 | 1913 | 1914 | 1915 | 1916 age. 
Early fall plowed: Winter 
\ViiOGG hs oA ae Ae ee ee DeLay i OL ls eee 3.5 7.2} 1.3 | 23.0 | 24.4] 3.6 9.7 
Late fall plowed: Winter 
WHIGE too Ae Ga ase eee POL 2A TENTION {05S See Solel 5208) 0 21.8] 18.3] 5.8 8.4 
Listed: Winter wheat....... dol etossicie 0 Qe2 od || LZ) 42a 22-2) 6. 8.5 
Subsoiled: Winter wheat. -.--. 1} 16.5] 0 W242 323} Le3) ||. 19.38) 192751) 14.5 8.2 
Disked-iCorn.- 3... 2-.--225- Qables 0.. || 52a 1.2 | 10.4] 2.0) 16.3} 11.5) 3.6 Well 
Green manured: 
Watninyes S2fi8) $25 S22. | 3) |) ISOM Ot Weeeoc. 2.1) 10.8} 2.4] 16.4] 14.9] 4.8 8.3 
WVaGa peas 22. 0-2 2-2 5s e Br) IAT Ie Oia Bess 5 252) | 10'9)}| 2.7 | 16.9 | 11.8) 3.9 7.6 
Total or average.....-.. (eG BRC! Sesec4 Sees o- Pe WAO Oitie2e0) || Load lond |e4n3 8.0 
Summer tilled.-.....-..-----.- 2 IGE) |) PB)" = 4.8 | IPCI Ch8) |) PPR TESTA B58} 10.6 
y 
Average of all 14 plats. ....--.'-....--- 14.2 4. |. 28 2.5] 9.5 | 2.3] 18.3 | 15.7| 4.6 8.4 
SUMMARY OF YIELDS AND DIGEST OF Cost. 
Tillage treatment. Previous crop. 
Yields, values, etc. (average| Early | Late Green r 
” per acre). fall fall | Listed ste Disked| ma- Sur Mer Corn 
plowed plowed c ) ieee Shia tilled (2 (4 sea) 
a 1 plat plats 6 plats). 
plat). | plat). si). plats). plats). | plats). 
ay; pels gi grain: 
oe ee bushels..| 14.3 IPB 15.3 16.5 11.7 13.8 16.9 14.7 7; 
1900 ae eee Goss |pan0 0 0 0 0 0 2.9 0 0 
UO 02 eee (ClO) ea ssceas| SCeneeos GAGEeeee cc coco boceebed meaceo se aEecason lGobacHra SSapanas 
OTROS arate cia do. 3.5 3.1 2.2 1.2 1.2 il 4.8 2.5 a7 
1) es ee ee do Ue? 5.5 5.7 3.3 10.4 10.9 12.8 5.4 10.4 
TU ho erent rere do 1.3 0 1.2 1.3 2.0 2.5 4.3 1.0 2.0 
NOVARA yee oe 22" do 23.0 | 21.8 14.2 19.3 16.3 16.7 22.4 19.6 16.3 
HO Es Se. os ees do 24.4 | 18.3 22.2 19.7 11.5 13.4 15.7 21.2 11.5 
HGIGS Essences oes: do. 3.6 5.8 6.8 4.5 3.6 4.3 5.3 5.2 3.6 
PAV OUAGCE Sosa aasehes 9.7 8.4 8.5 8.2 7.1 8.0 10.6 8.7 Coit 
Crop wale, cost, ete.: 
ations TA Sy) oases 22 $6.79 | $5.88 | $5.95 | $5.74] $4.97] $5.60] $7.42 |_....-..|.-...-.- 
COSTE anne 6.32 5.65 5. 0; 7.03 25 13.96 WOPG45| 0 Sa eee ee 
Prontior loss.2 = - - =. - -47 -23 -92 | —1.29 si(2) || U—8 30), —oeeas|oenesee |e eee 


1 The yields for 1910 are not used, as the station was moved that year. 
2 Cowpeas were grown from 1907 to 1911; field peas since 1911. 


In 1909 winter wheat was a total failure at the Amarillo station 
from all methods except summer tillage, which produced 2.9 bushels 
per acre. 

No method has shown any marked superiority over others in pro- 
ducing yields. The highest average yield, 10.6 bushels per acre by 
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summer tillage, is 3.5 bushels greater than the lowest average yield, 
7.1 bushels, on disked corn ground. 

In 1908, 1914, and 1915 all methods except that of green manuring 
produced profitable yields, and in 1912 there was a profit on disked 
corn ground. With these exceptions none of the methods have been 
profitable. As an average for the eight years green manuring, summer 
tillage, and subsoiling have shown losses of $8.36, $3.22, and $1.29, 
respectively, while listing, disked corn ground, early fall plowing, 
and late fall plowing have shown profits of 92, 72, 47, and 23 cents, 
respectively. 

TUCUMCARI FIELD STATION. 


The soil at the field station at Tucumcari, N. Mex., is a fine sand. 
Below the third foot the soil type changes to a loam and then to a 
clay. The soil drifts quite readily. ; 

During the three years that winter wheat has been grown at this 
station the crop was a total failure once. In 1915 and 1916 the 
yields were so small that under no method did the yield of grain 
pay the cost of production. Drought at critical periods and soil 
blowing are the chief unfavorable factors. (Table XVII.) 


Taste XVII.— Yields and cost of production of winter wheat by different methods at the 
Tucumcari Field Station, 1914 to 1916, inclusive. 


Yield per acre (bushels). 


Number 
Treatment and previous crop. QBS. SS SSS 
averaged.| 914 1915 1916 | Average. 
Early fall plowed: Winter wheat.........-.-.----.-- 1 0 6.4 1.8 2a, 
Late fall plowed: Winter wheat ........-...--------- 1 0 7.0 0 2.3 
Sumdmertibled sic. ss aces ere ie etaiettermeersiae wore eeinire 1 0 5.3 4.0 3.1 
VGH (011 CHILGITD) BY ines a aeeadee Hoong soemeeder o6t bec HeHeae Gates sbeer 6.2 1.9 250 


SUMMARY OF YIELDS AND DIGEST OF COST. 


P Previous 

Tillage treatment. crop. 

Yield, values, etc. (average per acre). 

Early fall | Late fall | Summer | Winter 
plowed | plowed tilled wheat 

(1 plat). | (1 plat). | (1 plat). | (2 plats). 


wet of grain: 
Be Senses Bee aes SSS ce See ne aan oh bushels 0 0 0 0 
1915 See oe re Home cee et coc c mince pce 3-5 seeeense do.. 6.4 7.0 G8} 6.7 
LOL Gores eins 5 Pe Sos ee DBE CIENTS See do.. 1.8 0 4.0 -9 
PAST CIAL O ele ae n Ne asia cle woe Sten ale cies. «cee mae cs 2.7 2.3 Sei 2.5 
Crop yas cost, etc.: 
NVGIID GY See Be OR ae OO Ses eee eee GA ae $1.89 $1.61 $2217)| 2 sees ae 
Cost. SAC Saitee See ee nee Geek ase ee 3 li) SSR g. SERRE 6.32 5.65 HO..645)2 22 22235- 


IBTOR POT LOSS eee oe eee es ae. Se ee —4.43 —4.04 8.47 ses eas 


WINTER WHEAT IN THE GREAT PLAINS AREA. 29 


GENERAL DISCUSSION OF RESULTS. 


In the preceding pages data have been presented and briefly dis- 
cussed separately for each station without reference to results at 
other stations. In the following pages the data are considered from 
a more general standpoint. Table XVIII will assist in this study. 


TasLteE XVIII.—Comparison of the average yields and profit or loss on the production 
of winter wheat by different methods at thirteen stations in the Great Plains area. 


Method of tillage. 


Num- 
Stat t of dat pene 
atement of data. years . 
aver- | “irr | “fat | sisted. | S¥b- | piskea.| ‘ma. | Summer 
ged. * | soiled. 3 tilled. 
as plowed.a|plowed.a nured 
Yields per acre (bushels): 
Wuditibasine... 2.2.2... 7 18.2 18.0 17.2 18.3 620.2 C24, 4 25.7 
antleys =. osi2--- 22s 4 b17.2 b18.9 618.5 519.0 25. 8 30.6 39.4 
Belle Fourche. ..........- 8 12.4 12.7 14.3 La oceelshicc|soecwcese 23.1 
ATAMOre Shs ses. Let. 3 19.7 19.0 19.7 22.6 22.2 21.0 25.5 
PAT ENCES ee ee ee 3 10.7 10.0 8.9 8.9 213.6 213.8 12.6 
5 9.1 5.4 €3.8 413.7 15.4 15.3 20.6 
5 16.7 1b: See eec|eacetecs: 19.5 21.5 21.6 
7 13.7 13.3 14.2 12.0 19.7 16.8 PAL TL 
9 17.6 11.0 19.2 19.6 15.4 17.0 OPT 
7 2.3 an 3.4 3.8 353 5.2 5.9 
6 3.1 2.9 Tip ASS. apr aes. b0 b0 3.5 
8 9.7 8.4 8.5 8.2 Coal 8.0 10.6 
3 2.7 DB 1 [3.5 a ee ei boise et (As Bhat 
Ss TGTRE GUE Ae BABE Ree (cetiai e 11.8 10.8 11.8 13.8 14.7 15.8 18.3 
Average for the 9 sta- 
tions at which all 
methods are used.....|......... 13.1 | 11.8 12.6 14.0 15.9 16.9 20.7 
Profit or loss (—) per acre: 
uduphibasin=- 5-225. 2 Hi $6. 42 $6. 95 $7.01 $5.78 | 089.89 | ¢$3.12 $7.35 
nmtleyee ds ci -bieces 4 b5.72 67.58 67.92 06.27 13. 81 7.46 16. 94 
Belle Fourche...........- 8 2.36 3. 24 4.98 SAS loeeeeeelsosessces 5.53 
BARRON OFC) a as oP Biv, 3 7.47 7.65 8.76 8.79 11. 29 -74 7.21 
PAR CHORAC EE or sche on: 3 iBT / 1.35 1. 20 — .80 d5.27 |\d— 4.30 —1. 82 
meottsblufies cess ho). 5 .05 | —1.87 | €—2.37 42.56 6.53 | — 3.25 3.78 
Noniimblaibess- 558-2. oe 5 5.37 ba hs a al a 9. 40 1.09 4.48 
TSH) es Oe a 7 3.27 3. 66 4.91 1.37 9.54 | — 2.20 5. 53 
PAV SRO ee eee cs ease 9 6. 00 2.05 8.41 6. 69 6.53 | — 2.06 5. 25 
Garden) @ity =. -—-2.- 24: 7 —4.71 —3. 90 —2. 65 —4,. 37 —1.94 | —10.32 —6.51 
Danahiee ete eee 6| —4.15} —8.62 | 7—3.28 |......... b —4, 25 |b—13. 96 —8.19 
AMmarilige: = a. = fee tener] 8 47 23 92} —1.29 72 | — 8.36 —3. 22 
atictiniearioss on no 304543 4 4G eee Pacepiee ee —8. 47 
| 


a At Huntley and Judith Basin there is no difference in time of plowing. The plats at these stations 
designated as plowed ‘‘early’”’ were plowed deep; those designated as “‘late’’ were plowed shallow. 
b Three years. c Six years. d Two years. e One year. f Four years. 

In this table the average yields at the several stations are grouped 
under different methods of preparation. The figures here given are 
taken from the tables showing details for each station. 

Data in regard to yields and cost of production are also assembled 
in such a way as to show the profit or loss in dollars and cents per 
acre for the average crop by each method for which it has been com- 
puted at each station. 

Table XVIII shows that at five of the stations (Judith Basin, 
Huntley, Belle Fourche, Ardmore, and North Platte) wimter wheat 
has been grown at a profit by all the methods under trial. At two 
(Akron and Hays) all methods except green manuring have been 
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profitable. At three (Garden City, Dalhart, and Tucumcari) none 
of the methods have produced profits. At two (Archer and Amarillo) 
early and late fall plowing, listing, and disked corn ground have 
been profitable, the other methods having produced losses. At 
Scottsbluff early plowing, subsoiling, disked corn ground and sum- 
mer tillage have returned profits, while late fall plowing, listing, and 
green manuring have been unprofitable. 

As an average for all the stations, early (deep) fall plowing has 
produced 1 bushel more per acre than late (shallow) fall plowing. 
The stations that have shown marked differences in the yields of 
these two methods are Huntley, Scottsbluff, North Platte, Hays, and 
Amarillo. At Huntley the difference has been in favor of shallow 
plowing on the average and in each year except 1915. At Scottsbluff, 
North Platte, Hays, and Amarillo the difference has been in favor 
of early fall plowmg on the average and in each year except at 
Scottsbluff and North Platte in 1915, at Hays in 1907 and 1908, and 
at Amarillo in 1916. At Scottsbluff, North Platte, Hays, and Ama- 
rillo the profits from early fall plowing are greater, but at the other 
stations late plowing has been more profitable or has resulted in 
smaller losses, mainly because it is a less expensive method. 

Listing, instead of plowing, wheat stubble after harvest and level- 
ing the ridges preparatory to seeding has averaged 0.9 bushel per 
acre more than early plowing and 2.2 bushels more than late plowing 
at the 11 stations where this method has been tried. At five of these 
stations (Huntley, Belle Fourche, Akron, Hays, and Garden City) it 
has given higher yields than early fall plowing, and at six (Belle 
Fourche, Ardmore, Akron, Hays, Garden City, and Amarillo) it has 
given higher yields than late plowing. Being a cheaper method 
than plowing, it has been more profitable than early plowing at all | 
of the stations and more profitable than late plowing at all except 
Archer. At Scottsbluff, Garden City, and Dalbart winter wheat is 
erown at a loss by this method. At Hays and Amarillo the profits 
from this method are larger than from any other method under trial. 

Subsoiling, as compared with fall plowing similar wheat stubble 
without subsoiling, has given higher yields at Huntley, Ardmore, 
Hays, and Garden City. At these stations the average increase due 
to subsoiling has been more than enough to pay for the extra cost. 
At Judith Basin and Belle Fourche the yields from the two methods 
have averaged practically the same, while at Archer, Akron, and 
Amarillo the differences in favor of plowing without subsoiling are 
1.8, 1.7, and 1.5 bushels, respectively. At Scottsbluff, where only 
two years’ results are available for subsoiling, the average yield and 
average profit are in favor of subsoiling. 

Disked corn ground has given consistently high yields. At 6 of 
the 11 stations where this method has been practiced it has averaged 
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higher yields than any of the other continuous-cropping methods. 
Because of the uniformly high yields secured and because of the low 
cost of preparation, disked corn ground has shown the largest profit 
at all of the stations except at Huntley, where summer tillage shows 
$3.13 more profit, at Hays, where listing and subsoiling have netted 
$1.98 and 18 cents more, respectively, and at Amarillo, where there is 
a difference of 20 cents in favor of listmg. At Garden City, where 
none of the methods have been profitable, the smallest loss is from 
disked corn ground, but at Dalhart the loss on disked corn ground 
has been greater than from any of the other methods except green 
manuring and summer tillage. The realization of these profits on 
disked corn ground depends, of course, upon the successful growth of 
corn as a general farm crop in competition with other crops. 

Summer tillage has given the highest average yield of any method 
under trial at all of the stations except North Platte and Archer, 
where both green manuring with rye and disked corn ground have 
averaged higher. As an average for the nine stations at which all 
of the various methods are practiced, the yield from summer tillage 
has been 4.8 bushels more than the yield from disked corn ground, 
the highest yielding of the continuous-cropping methods, and 3.8 
bushels more than from green manuring. However, at only one 
station, Huntley, has summer tillage shown the greatest profit of 
any of the methods. Summer tillage requires the use of the land two 
years to produce one crop, and an extra amount of cultivation is 
necessary to keep the ground free from weeds during the fallow 
period; consequently, it has the highest acre cost of any method 
under trial except green manuring. Except at Huntley the increase 
in yield from this method has been more than offset by the increased 
cost of production over the cost of the best continucus-cropping 
methods. It does, however, show a profit at all but five of the 
stations, and only at Archer and Amarillo has it failed to net a profit 
when any of the other methods have returned a profit. 

Green manuring is the most expensive method under trial. It 
resembles a fallow in that it requires the use of the land for two 
years for the production of one harvested crop, with the added 
expense of seed and seeding. There is a saving in cultivation during 
the spring while the crop is growing, but this is offset by the necessity 
of plowing to turn the crop under and is not sufficient to make up 
for the cost of seed and seeding. Increases in yields have not been 
commensurate with the cost of producing them. At none of the 
stations except Archer and North Platte have the yields following 
any green-manure crop exceeded those from summer tillage. The 
net returns from green manuring have not been as great as from any 
of the other methods at any of the stations. A profit has been 
realized from green manuring at the Judith Basin, Huntley, Ardmore, 
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and North Platte stations. At the other stations the yields from 
this method have not been sufficient to pay the cost of producing 
them, and the losses have been greater than the losses from any other 
method. 

It is hardly fair to charge the whole expense of green manuring to 
the one crop that immediately follows it, as is done. This method 
should have a cumulative effect in building up the soil or remedying 
its deficiency in organic matter. The available evidence is that on 
normal soils on the Great Plains, at least in the first years of the work, 
little effect is shown on other than the first crop. This effect is that 
of a fallow to the extent that the green manure approaches a fallow 
in the storage of water during the period after the crop is plowed 
under. 


COMPARISON OF WINTER WHEAT WITH SPRING WHEAT. 


Table XIX shows the average yields and profit or loss for winter 
wheat and spring wheat by the different methods under which both 
of these crops are grown at the 13 stations. This table also gives the 
average yield and average profit or loss for all of the methods used 
with each of these crops at each of the stations. The yields from the 
various methods are comparable for the two crops at each station. 
The figures used in computing the profit or loss for spring wheat 
are the same as those used in Table IV in United States Department 
of Agriculture Bulletin No. 214, entitled “Spring Wheat in the Great 
Plains Area.’’ Because winter wheat is seeded in the fall, the cost of 
preparing the ground by the various methods is less than for spring 
wheat. 

At the North Platte, Akron, and Hays stations winter wheat has 
been distinctly more productive than spring wheat under all methods 
tried. The greatest differences between the yields of winter wheat 
and spring wheat have been secured at Hays, where the differences 
in favor of winter wheat range from 8.6 bushels per acre on disked 
corn ground to 15.7 bushels on summer tiHage. At Tucumcari the 
yields of spring wheat have been greater than those of winter wheat 
from the methods under which both crops are grown. The average 
yield from all the methods used with both crops is decidedly in favor of 
winter wheat at Huntley and somewhat in favor of winter wheat at 
Belle Fourche, Scottsbluff, and Amarillo. At the other stations the 
average yield of spring wheat is slightly greater than the average yield 
of winter wheat. 

The average yield from summer tillage has been decidedly in favor 
of winter wheat at Judith Basin, Huntley, Belle Fourche, Scottsbluff, 
North Platte, Akron, and Hays. At Garden City, Dalhart, and 
Amarillo the average has been slightly in favor of spring wheat, while 
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at Tucumeari it has been decidedly in favor of spring wheat. At 
Ardmore and Archer the average yields from summer tillage have 
been practically equal for the two crops. 


TaBLE X1X.—Comparison of the average yields of spring wheat and winter wheat by 
different methods at thirteen stations in the Great Plains area. 


SS Sal Seis | Se ae a rie anes heap S 
aelecleclon| -lq.lae| _ Sal Oe less al ovale 
ARloelss|se| 52/82/48 |ae] & a | #e|ae] 82 
Statement of data. |S2/ESSi=Pl/ags|/as/Gs|[aqhl/os] & | S| 8) us] 88 
= Aap] o mlomh!]en | Sew aS n bot = as aes 
SSS ais =a | Sie Si Wea, Seale 3 
S |F jm |e < n Z < 'aa| Oo A < a 
Yield per acre 
(bushels). 
Early fall plowed: 
Winter wheat. ---} 18.2) 17.2) 12.4) 19.7] 10.7 9.1) 16.7) 13.7) 17.6 2.3 3.1) 9.7 Pas 
= ppring wheat...-. 19. 7| 17.8) 18.1) 22.3) 11.2) 8.5} 11.6) 9.1) 5.4 3.8 3.8] 8.4 6.8 
isted: 
Winter wheat. .-..| 17.2} 18.5) 14.3] 19.7 8.9 BAellasbens 14.2} 19.2 3.4 2.5 Ch sceeass 
Spring wheat..-.. 20. 1) 17. 6) 15.0) 16.8} 10.0} 5.3)-...-- 10:1) 6.5 5.3) 5.4) 7.0|------- 
Subsoiled: 
Winter wheat. .--| 18.3) 19.0) 12.1) 22.6] 8.9} 13.7]...... 12.0} 19.6 Bh tslisecoqoq B52 eemicsee 
Spring wheat. --.-| 20.6) 17.0} 14.0) 18.7} 10.6) 8.3].....- 8.4) 5.8 (BT Wanouee Th Biocnssbe 
Disked: 
Winter wheat. ...| 20. 2) 25.8)...-- 22.2) 13.6) 15.4) 22.1) 19.7) 15.4 3.3 0 Uoilecccdos 
Spring wheat..... 26. 2) 24. 6)....- 24.2) 15.9) 14.2) 12.1) 12.2) 6.8 5.7 PAA FEC looacade 
Green manured: 
Winter wheat... -| 24.4} 30. 6)...--. 2180} 13:8)) 155 3|eeeaee it Geacacd|scasoce 0 h(Uloascacc 
Spring wheat... .. 21.0) 26.4)..... ANS 16.2 e2lonGleeeeee DEO eoneoe|lsccooce 3 Ch GYloooucas 
Summer tilled: 
Winter wheat. ..-| 25.7] 39.4] 23.1) 25.5} 12.6) 20.6) 21.6] 23.1) 22.7 5.9) 3.5} 10.6 3.1 
Spring wheat... .. 21. 6) 26.6] 18.2) 25.5) 12.5) 16.6) 15.6) 16.0) 7.0 7.3 6.2) 11.5 8.6 
Average: 
Winter wheat. ...| 20.7) 25.1] 15.5) 21.8} 11.4) 13.0] 20.1) 16.6) 18.9 3.7) 138) 8.7 2.9 
Spring wheat. .... 21.5) 21.7) 15.1) 22.0) 12.7) 11.4) 13.1] 11.3 6.3 5. 4 3.6 8.3 Tal 
Profit or loss (—) 
per acre. 
Early fall plowed: 
Winter wheat - . . .|$6. 42|$5. 72/$2. 36/$7. 47| $1. 17| $0. 05] $5.37] $3. 27] $6. 00/—$4. 71|—$4. 15] $0. 47/—$4. 43 
= spring wheat..... 7. 23) 5.90] 2.61) 9.05) 1.28|— .61] 1.56)/— .19/—2.78)/— 3.90/— 3.90/— .68)/— 1.80 
isted: 
Winter wheat. ...| 7.01) 7.92) 4.98] 8.76} 1.20/—2.37]...... 4.91) 8.41)— 2.65/— 3.28] .92|...-..- 
Spring wheat... .--. 8. 52) 6.77) 4.95) 6.21) 1.45)—1. 84).....- —1.52)—1.00)/— 1.84)— 1.77|— .65)...-.-- 
Subsoiled: 
Winter wheat - --.| 5.78] 6.27) 1.44] 8.79)— .80] 2.56]....-. 1.37} 6.69)— 4.37]......- —1.29)...---. 
55 sBUEINE wheat....- 7.25) 4.73} 2.63} 5.92) .25|—1.36]....-- —1. 29|—3. 11/— 3.88]....... — ODI eae 
‘isked: 
Winter wheat. ...| 9.89]13. 81)..... 11.29) 5.27) 6.53) 11.22) 9.54) 6.53/— 1.94)— 4.25] .72)....... 
Spring wheat... -. 13. 59)12. 47)..... 12.19] 6.38) 5.19) 3.72) 3.79) .O1|— .76)— 3.28} .15)/....--. 
Green manured: 
Winter wheat. .-..| 3.12] 7.46)....-. . 74)—4. 30)/—3. 25). ....- PH Viesbade pecesos —13. 96|/—8. 36)....--- 
Spring wheat. ..-- - 09) 3. 87)...-.- 2. 40|—3. 27/—3. 69]....-- —=O5/28| tee = | Seis —14, 40|/—8. 66)...---- 
Summer tilled: 
Winter wheat. .--| 7.35)16.94) 5.53] 7.21/—1.82) 3.78) 4.48) 5.53) 5.25|— 6.51/— 8.19|—3. 22/— 8.47 
Spring wheat... -- 3. 62} 7.12) 1.24) 6.35/—2.75} .12/— .58/— .30/—6.60/— 6.39/— 7. 16)—3. 45)— 5. 48 
Average: 
Winter wheat. ...| 6.60] 9.69} 3.58) 7.38} .12) 1.22) 7.02) 3.74) 6.58|— 4.04)— 6.77/—1.79|— 6.45 
Spring wheat..... 6. 72| 6.81] 2.86] 7.02} .56/— .37) 1.57/— .97|—2.70|— 3.35|/— 5.69]/—2. 54/— 3. 64 


As an average for all the methods, winter wheat has proved more 
profitable at Huntley, Belle Fourche, Ardmore, Scottsbluff, North 


Platte, Akron, and Hays. 
profitable at Judith Basin and Archer. 


Spring wheat has been slightly more 
At the remaining stations 


an average of all the methods shows a loss for both crops. At Amarillo 
the average loss is less for winter wheat, while at Garden City, Dal- 
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hart, and Tucumcari it is greater. The greatest differences between 
the net returns from the two crops are $9.28 at Hays, $5.45 at North 
Platte, and $4.71 at Akron, all being in favor of winter wheat. At 
only 3 of the 13 stations (Garden City, Dalhart, and Tucumcari) 
are the returns from summer tillage greater for spring wheat than for 
winter wheat. At all the other stations winter wheat shows larger 
net returns after summer tillage than spring wheat. 

These results indicate that winter wheat rather than spring wheat 
should be grown under conditions similar to those existing at Huntley, 
North Platte, Akron, and Hays, and probably at Scottsbluff, Belle 
Fourche, and Judith Basin. At Archer and Ardmore, where the 
results are available for only three years, the differences are so small 
that another year’s work might alter the averages considerably. At 
Garden City, Dalhart, and Tucumcari neither of the crops has re- 
turned a profit by any method. At Amarillo, under the methods 
which have yielded profits, those from winter wheat have been greater 
than those from spring wheat. 


CONCLUSIONS. 


These conclusions apply only to the yields of winter wheat as 
affected by the cropping and cultivation of the one year immediately 
preceding growth. ; 

(1) Some seasons are so unfavorable as to result in failure of the 
winter-wheat crop without regard to the cultural methods under 
investigation. Extremely unfavorable climatic conditions can not 
be overcome by cultural methods. 

(2) It is only in those seasons when the rainfall deficit is so small 
that it can be overcome by moisture stored in the soil that the cul- 
tural methods under investigation have shown important effects 
upon yields. 

(3) When the differences in the values of the yields are less than 
the differences in cost of production, then cost becomes the deter- 
mining factor. 

(4) Some soils, even in regions of profitable winter-wheat produc- 
tion, show little response to cultural methods. 

(5) Reducing the cost of production has in most cases in these 
investigations proved a more important factor in determining profits 
than increasing the yields by cultural methods. 

(6) The average difference in yields between early (deep) and late 
(shallow) fall plowing is 1 bushel per acre. At most stations the 
difference is small, while at others the advantage of one over the 
other depends on the season. At Scottsbluff, North Platte, Hays, 
and Amarillo the differences are rather consistently in favor of early 
plowing, and this method is more profitable at these stations. At the 
other stations late plowing has netted larger returns. 
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(7) Furrowing with a lister after harvest and leveling the ridges 
preparatory to seeding have resulted in an average increase of 0.9 
bushel over early plowing and 2.2 bushels over late plowing. As it is 
a cheaper method of preparation than plowing, it has consequently 
been more profitable. At Hays and Amarillo it has been the most 
profitable method. 

(8) Subsoiling has increased the yields over plowing without sub- 
soiling at 5 of the 10 stations at which it has been studied. At 
these stations it has been more profitable than ordinary plowing. At 
the other stations it has been the least profitable of the continuous- 
cropping methods. It has not shown any value in overcoming 
drought. 

(9) Disked corn ground has given consistently high yields. This, 
together with the low cost of preparation, has resulted in this method 
showing the highest average net returns of any of the methods at all 
of the 11 stations where it has been tried except at Huntley and 
Amarillo. These profits are based on the assumption that the corn 
crop was so utilized as to pay for the cost of producing it. 

(10) Summer tillage has given the highest average yields of any 
method under trial at 11 of the 13 stations. However, on account of 
its high cost, due to extra labor and alternate-year cropping, it has 
not netted the largest returns except at Huntley. 

(11) Green manuring is the most expensive method under investi- 
gation. It has given the smallest net returns of any of the methods 
at all of the stations except Huntley, where the profit from it is 
- slightly greater than from either fall plowing or subsoiling. 

(12) In comparison with spring wheat, winter wheat shows a 
greater response to summer tillage and is the more profitable crop to 
grow on land so prepared. ‘This appears to be true at all stations 
studied except possibly Garden City, Dalhart, and Tucumcari, where 
large average losses attend the growth of either crop. 

In the average of all methods by which the crops are grown winter 
wheat has a marked advantage over spring wheat, both in yields and 
profits per acre, at North Platte, Akron, and Hays in the central por- 
tion of the Great Plains and at Huntley, Mont. At the other sta- 
tions, where either crop can be grown profitably, the average differ- 
ences in favor of either are not great enough to be conclusive from 
the evidence at hand. 
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DRIED PRESSED POTATO. 


Two investigators in the United States Department of Agricul- 
ture, William Stuart, of the Bureau of Plant Industry, and H. C. 
Gore, of the Bureau of Chemistry, have been studying the potato 
situation in the United States for the purpose of determining a 
suitable way to dispose of surplus potatoes. The dried pressed 
potato used in the feeding experiments was manufactured at the 
Government Experimental Farm, Arlington, Va. The following 
analysis of the feed shows that it is rich in carbohydrates, mostly 
starch, and poor in fat, protein, and ash ingredients. 


Chemical analysis of dried pressed potato used in experimental work. 


| l 
| * 

Nitrogen- 

| Moisture. Ash. ee Protein. ue. free 

lave es | - «| extract. 

} | | ‘ 

| | fo | Se | 

| Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 

11.97 | 0.89 | 2.10 2.19 1.97 80. 88 
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THE FEEDING EXPERIMENT. 


The Animal Husbandry Division having been requested to cooper- 
ate in determining the value of dried pressed potato as a feed for 
swine, decided, after careful consideration as to the probable impor- 
tance of the work, to carry on an extended feeding test at its farm at 
Beltsville. Five tons of dried pressed potato, manufactured at the 
Arlington farm, were shipped to the Beltsville farm for this purpose. 

The experiment was conducted to determine (1) the value of dried 
pressed potato in a ration for fattening hogs when supplemented by 
feeds rich in protein, (2) the effect of dried pressed potato on the 
quality of meat produced. 


METHODS AND RATIONS. 


The experimental feeding was started September 12, 1916, and con- 
tinued 56 days, ending November 7, 1916. The animals selected for 
the work were 12 high-grade Berkshire pigs between 5 and 6 months 
of age, averaging approximately 150 pounds in weight, and quite un1i- 
form in age, quality, breeding, and weight. (See fig. 1.) The pigs 
were taken off pasture and put in the dry lot a week before the experi- 
ment began. They were confined in a permanent hog house and ar- 
ranged into pens of three pigs each. These pens had cork-brick 
floors and measured 6 feet by 74 feet. Attached thereto were out- 
side runs made of concrete and measuring 7 feet by 39 feet. Prior to 
the experiment the ration fed to these pigs consisted of 5 parts corn 


Fig. 1.—Type of hogs used in experimental feeding. 
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meal, 4 parts middlings, and 1 part tankage. The lots and rations for 
the experimental feeding were as follows: 

Lot I (check lot).—6 parts corn meal, 1 part tankage. 

Lot Ii.—6 parts dried pressed potato, 1 part tankage. 

Lot I1I.—6 parts dried pressed potato, 1 part linseed-oil meal (old 
process). 

Lot IV.—6 parts dried pressed potato, 1 part fish meal.t 

The lots were fed three times daily (7 a. m., 11.30 a. m., and 4.30 
p. m.). For each meal the feed for each lot was weighed and put 
into a bucket with a sufficient amount of water to make a thick slop, 
this being done about half an hour before feeding, so as to allow time 
to soak. Raw steam was turned into each bucket of feed for a few 
minutes just after the feed was mixed to facilitate the soaking. A 
fresh supply of water was given to the pigs about the middle of the 
forenoon. The animals were weighed on the scales located inside 
the permanent hog house. Individual weights were taken for three 
consecutive days (one day previous to the beginning of the experi- 
ment and each of the first two days of the experiment). The average 
of the three weights was taken as the weight of the second day, or 
the beginning of the experiment. The final division into lots fol- 
lowed the first weighing, which was on the day previous to the be- 
ginning of the experiment proper. Individual weights were taken 
every Tuesday thereafter until the conclusion of the experiment. 


COMPOSITION OF RATIONS. 

Following are the analyses of the dried pressed potato rations as 

made by the Bureau of Chemistry, United States Department of 
Agriculture: 


Chemical composition of dried potato rations. 


Nitrogen- 
Protein. Gauge free 
3 extract. 


. 3 = Ether 
Ration. Moisture.| Ash. extract 


Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 
0.80 11.03 2.29 


Dried pressed potato and tankage.......-. 11.83 3.04 28 ; 71.01 
Dried pressed potato and oil meal......---| 11.91 1.65 | -67 5.96 2.98 76. 83 
Dried pressed potato and fish meal. . 10.96 4.04 

| 


2.87 13.09 1.85 67.19 


RESULTS OF THE FEEDING. 


The pigs in all of the lots ate well and regularly, and not one went 
off feed during the test. Small quantities of feed were left in the 
troughs after feeding time, but this was due to the fact that the pigs 


1 Wish meal is a very effective supplement to a grain ration for pigs. They are ex- 
tremely fond of it and make rapid and economical gains on such a ration. Those who 
wish to obtain further information on the subject of feeding fish meal to live stock 
may consult United States Department of Agriculture Bulletins 378, “ Fish Meal, Its Use 
as a Stock and Poultry Feed,’ and 610, ‘“‘ Fish Meal as a Feed for Swine,’’ which may be 
had from the Superintendent of Documents, Washington, D. C., at the price of 5 cents 
each. 
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were given a little more than they could conveniently consume. Dried 
pressed potato is rather bulky, and it is difficult to judge exactly the 
right amount that will be cleaned up by the pigs at one feed. At the 
beginning of the test the amount fed was 2 pounds per head per day. 
This, of course, was a very smail amount of feed for 150-pound pigs, 
but they were given this small portion because this method of gradu- 
ally starting them on a feed tends to keep the appetite keen, and the 
chances of going off feed are very much lessened. It also gives the 
pigs a better chance to cultivate an appetite for a new feed. One fact 
is evident from the figures given in the next table, namely, that the 
dried pressed potato rations were palatable and eaten readily by the 
pigs, since all those in the potato lots consumed an average daily _ 
ration of 54 pounds. i 


TaBLe I—Results of feeding 4 lots of 3 pigs on various feeds during fattening 
period, Sept. 12, to Nov. 7, 1916 (56 days). 


Lot I . : 
(check). Lot II. Lot IT. Lot IV. 
Data. Fed 6 parts | Fed 6 parts) Fed 6 parts 
Fed 6 parts dried dried dried 
corn mea!,| pressed pressed pressed 


1 part potato, 1 | potato, 1 | potato, 1 
tankage. | part tank- | part oil part fish 


age. meal. meal. - 
Pounds Pounds Pounds Pounds 
ASVeT ALE) INI blaliswelet ois ti ee NA eee ee eae 153. 33 153. 33 150. 00 154. 33 
Average final weight. 22229200 02.05 MRS Bek ORE es | 242 198. 33 208. 33 228. 66 
AV Cage Pain Per PIS. eqs cece se eee Bee ce hee ee Re 87.77 45. 00 51. 33 74. 33 
avers Gailyigain e453 222) sey) Pee pet bo ee 1.57 - 80 91 1. 32 
MotallSfe ede eee eRe Leis Ae ea ated ui NN nic | 1,072 939 900.5 | 956. 5 
Pounds fed per 100 pounds gain. ....-.....--.-----..--- 403 695 584 : 428 
Daily feed per 100.pounds live weight ..........-....... 3. 23 3.16 2.93 | Boh 
Average daily feedeg te) 25652- 2-65 ce eeeciniee cic sence 6.4 5.5 5.3 | 5.7 


All the pigs were in good, thrifty, and growing condition when 
the experiment began, and they maintained good condition and 
health during the progress of the test. A study of the table will 
show that lot 1 (check) excels all the others with respect to rate of 
gains, amount of feed consumed to produce 100 pounds of gain, and 
the average final weight. This lot of pigs was the largest and 
growthiest of any of the lots in the experiment. They were heavy 
feeders and returned good gains for the amount of feed consumed. 
These pigs consumed a daily ration of 6.4 pounds, made a daily 
gain of 1.57 pounds, and required 403 pounds of feed to produce 
100 pounds of gain. 

The lot receiving dried pressed potato and fish meal (Lot IV) was 
a very close second to the check lot. The figures, of course, show 
greater advantages in favor of the check lot than were apparent to 
the eye. Both these lots maintained tiptop condition throughout 
the experiment and carried a very high degree of finish. There was 
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13 pounds difference in favor of the hogs in the check lot at the close 
of the test. The pigs in Lot IV were evidently as heavy feeders as 
those in the check lot, but it is impossible for pigs to consume very 
large amounts of the dried pressed potato on account of the bulkiness 
of the feeds. The pigs in Lot IV consumed a daily ration of 5.7 
pounds, made a daily gain of 1.32 pounds, and required 428 pounds 
of feed to produce 100 pounds of gain. 

The pigs in Lot III, receiving dried pressed potato and oil meal, 
consumed less feed than any other lot in the experiment. It might 
be concluded from 
this that the ration 
was the least palat- 
able and least efficient aan ee NTT 
of any of the rations O14 HEAL (2079) — 
fed, This, however, CLES ES SET Fe 
is not true, because 
the pigs in Lot IT, re- 
ceiving dried pressed 
potato and tankage, 
ate more feed than the 
pigs receiving dried 
pressed potato and 
oil meal, but made 
smaller gains. This 
tends to prove that 
the potato ration con- 
taining oil meal is 
more efficient in pro- 
ducing gains than the 
potato ration contain- 
ing tankage, although 
the pigs ate less of 
the potato and oil-meal feed. Furthermore, the pigs in Lot III 
possessed a higher degree of finish than the potato and tankage pigs 
(Lot II), although they were not equal to the potato and fish-meal 
pigs (Lot IV) in this respect. The pigs in Lot III consumed a 
daily ration of 5.3 pounds, made a daily gain of 0.91 pound, and 
required 584 pounds of feed to produce 100 pounds of gain. 

The pigs in Lot II, which were fed dried pressed potato and 
tankage, consumed enough feed to put them in higher condition 
than they were in at the close of the feeding test. The showing 
that these pigs made can not be called poor, but it is evident that 
tankage is not as efficient a protein supplement to use with dried 
pressed potato as some of the other supplements used in this experi- 
ment. The pigs in Lot II returned a smaller amount of gain for the 


CHECA (£074) 


3 F 
WEES ON FELD 


Fic. 2.—Average progressive weekly gains of each lot 
during feeding experiment. 
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amount of feed consumed than any other lot. They consumed an 
average daily ration of 5.5 pounds, made an average daily gain of 
0.8 pound, and required 695 pounds of feed to put on 100 pounds 
of gain. 

Figure 2 shows graphically the weekly gains of each of the lots 
during the experimental feeding. 


SUMMARY OF FEEDING EXPERIMENT. 


Judging from the results obtained from the feeding experiment, 
we are justified in concluding that dried pressed potato, when sup- 
plemented with a high-protein feed, is very efficient in producing 
rapid gains and a high finish when fed to swine. Although dried 
pressed potato is a rather bulky feed, it has been demonstrated that 
pigs are able to consume a sufficient quantity to lay on good gains. 
Mixing or soaking with water for 15 or 20 minutes before feeding 
has proved to be the best method of feeding dried pressed potato. 
To give the best results, dried pressed potato must be fed in combi- 
nation with other feeds in which the percentage of protein is high. 


CARCASS TEST. 


At the conclusion of the feeding experiment the weather was 
quite warm, and as it was necessary to kill the hogs “ country style,” 
they were held one week until cold weather. During this interval 
the ration of each lot was continued exactly the same as it had been 
during the feeding experiment, hence this delay would have no 
effect upon the quality of the carcass. 

Twenty-four hours previous to killing, the hogs had access to noth- 
ing but water, thus removing much of the feed from the stomach 
and intestines. Individual weights were obtained immediately be- 
fore slaughtering, and the average of these weights for each lot is 
recorded in the table below as the “ Weight at killing time.” The 
other data in the table were ascertained as soon as possible after 
slaughtering, the work being done as rapidly as was consistent with 
accuracy in order to minimize loss in weight through drying. The 
firmness of the flesh and fat was noted at this time, and again next 
morning after the carcass had cooled overnight at a freezing tem- 
perature. 

Four hogs, the heaviest from each of the four lots, were reserved 
for the carcass demonstration to determine the quality of the flesh 
and fat, and if possible the degree of finish in each one. The car- 
casses were divided into the regular meat cuts in as nearly a uniform 
manner as was possible. The fresh pork from each hog was eaten 
by individuals who were ignorant of the feed that the hog had re- 
ceived, in order to test the flavor and cooking qualities of the meat. 
The lard was cut from the trimmings and rendered, as was also that 
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from the leaf, and’ observations made upon them. The data col- 
lected from the rendering of the lard are shown in Table III, which 
also gives some indication of the degree of finish obtained through 
these different feeds. 


TABLE II.—Slaughter data. Average of hogs in each lot. 


| 
| Lot I. 


Lot Il. | Lot It. | Lot IV. 
Wirot Sayles 
" Fed 6 parts | Fed 6 parts | Fed 6 parts 
“ye p Fed 6 parts dried dried dried 
corn meal, | pressed pressed pressed 


eh Fy og P : 1 part potato, 1 potato, 1 potato, 1 
ibs tankage. | part tank-| part oil part fish 
age. 


meal. meal. 

i Pounds. Pounds. Pounds. Pounds. 
WeighQat killing timed -. 2332.0 2£222. 2 AL 230 190 200 214 
Weight after bleeding and scraping...----------------.- 219 181 189 204 
Wicieivignitearenssis yee s iis Stee irene ec cee 186 148 156 172 
WertinnQimeaMard:s 2 scot yee cao cece oacep owe se cece eee de 6. 69 5. 06 5 5.12 
Weight of intestines and paunch....---...--..-..-.---- 16. 44 18. 81 20.19 17. 56 
WGIMEOHOMeNPLIM = 0s oe a caig- 4- ise 2-2 + ee 81 62 62 - 69 
Weight of seed SESS IASE CY MEGA. BEE IETS ETE Poll 125 -31 44 
(UOTE OUTDO ee AREAS ae ee Se eS es a ara 8 6 6. 87 7.12 

Dressing........--- Aen he EES per cent. .| 80.9 | 78.0 | 78.0 | 80. 4 


Tt will be noted that the hogs fed corn meal (Lot I) showed the 
highest dressing percentage, with the dried pressed potato and fish 
meal (Lot IV) a very close second. The other two dried pressed 
potato lots had relatively low dressing percentages. This difference 
is largely explained by examining the weights of the intestines and 
paunch, in which the check lot (Lot I), although the largest hogs, 
had the lightest weight. Only 7.1 per cent of the live weight of the 
check hogs was contained in the digestive tract, while 9.3 per cent 
of the live weight of all the hogs fed on dried pressed potatoes was 
found here. These figures would seem to indicate that a ration 
consisting chiefly of dried pressed potato meal causes a large devel- 
opment of the digestive tract, due no doubt to the bulky nature of 
the feed. 

In judging the firmness of the flesh and fat we used no instruments 
of precision, simply the eye and the sense of touch. In the freshly 
killed condition it was very easy to see that the fat in Lots IT and IV 
was not as solid as that in the check lot (Lot I), and the feel of these 
three lots bore out their appearance. In Lot III, however, fed on 
dried pressed potato and oil meal, the fat was of a little firmer 
texture than in the other two lots fed on the potato feed, although it 
hardly seemed of the same consistency as Lot I. As to the quality of 
the flesh, we could note no difference. Upon cooling out thoroughly 
it was much more difficult to note any difference in the firmness of 
the fat. 

On the whole it is impossible to say that dried pressed potato meal 
does not produce a fat equal for all purposes to that produced by 
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corn meal. While we were able to note some little difference in hard- 
ness in favor of the lot fed on corn meal, that difference was so small 
as not to be noticed under average packing-house conditions. Dried 
pressed potato meal does not produce soft pork. 


QUALITY OF THE MEAT. 


The four carcasses, one from each lot, which were reserved for the 
butchering test were found to be very similar in the development of 
the several parts. More variation was discovered among the three 
potato-fed hogs than there was between them as a group and the 
check hog. The fresh pork, principally the chops, was cooked and 
eaten by disinterested parties, as well as by the experimenters, and 
no difference in flavor or quality could be detected. In judging the 
degree of finish, the various cuts were examined as shown in Plate I. 
Excepting in the case of the bacon strips, little difference can be de- 
tected. Here it is indicated that the corn-fed hog is much the fattest. 

An examination of half the carcass, observing chiefly the thick- 
tess of fat on the back, indicates that the hog from Lot I, the check 
lot, had much the heaviest covering in this region. It must be re- 
membered, however, that the other three carcasses were not as large 
and that, relatively speaking, the covering shown on the hog from 
Lot IIT is almost as heavy (see PI. IT). : 


LARD. 


In order to judge more accurately the degree of finish, the lard was 
separated as previously noted and rendered under as nearly uniform 
conditions as possible. The results are given in the following table: 


TABLE III.—ZLard data from largest hog in each lot. 


Lot I. Lot II. Lot Iif. Lot IV. 


et 


Fed 6 parts Fed 6 parts Fed 6 parts Fed 6 parts 
corn meal, 1 dried pressed | dried pressed | dried pressed 
Data. part tankage. | potato, 1 part | potato, 1 part | potato, 1 part 
tankage. oil meal. fish meal. 


Leaf Fat Leaf Fat Leaf Fat Leaf Fat 
lard. lard. lard. lard. lard. lard. lard. lard. 


Weight of cut lard....-...-- pounds..| 6.75 | 16.25 5.37 | 13 5 15.12 5.12 15, 87 
Weight of rendered lard........ do... 6.31 14. 25 5 11.50 4.69 13.62 4.62 13.75 
Per cent of rendered lard........-.--. 93.5 87.7 93 88.4 93.7 90 90.2 86.6 
Weight of carcass........... pounds. . 193 160 163 174 

Per cent of rendered lard to carcass. - - 10. 65 10. 31 11.238 10.56 


This table bears out the previous indications that the hog fed on 
corn meal had the largest amount of fat, but it also shows that one 
hog fed dried pressed potato meal and linseed-oil meal produced 


FEEDING DRIED PRESSED POTATOES TO SWINE. 9 


relatively more fat in proportion to carcass. This was due to the 
fact that the latter hog was a little fatter and that the fat rendered 
out a higher percentage of lard. This last fact would also indicate 
a higher degree of finish, for as the lard contained a lower percentage 
of water the cells must have been more heavily engorged with fat. 
The hog fed on potato meal and fish meal was nearly as fat as the 
check hog. The carcass showing the poorest condition was that of 
the hog fed on potato meal and tankage, showing that this combina- 
tion of feeds not only produced the smallest and most expensive 
gains, but that it also returned a carcass with the smallest proportion 
of fat. No difference in taste, odor, color, or consistency could be 
noticed in the rendered lard. 


CURED MEAT. 


The hams, shoulders, and bacon sides from the heaviest hog in each 
lot, as pictured in Plate I, were cured and smoked. A mild brine 
eure was used according to the following formula: For each 100 
pounds of meat 2 ounces saltpeter, 2 pounds brown sugar, and 7 
pounds salt dissolved in enough water to cover the meat. The shoul- 
ders and bacon sides were removed at the end of five weeks and 
the hams after eight weeks of curing. The cured meat was allowed 
to drain 24 hours. After draining it was rubbed with pepper and 
smoked for six days with hickory wood. The results are shown in 
Tables IV and V. 


TABLE 1V.—Weight variations in curing hams, shoulders, and side bacon. 


Green gent yeient Meeps Nt eu 
: after after after or 
Cut. Lot No. Hee curing, | draining,| smoking, | loss (—) 
: Jan. 23. | Jan. 24. | Jan. 30. jin weight. 
Pounds. | Pounds. | Pounds. |} Pound. 

18. 12 17. 94 16. 75 — 0.25 

15. 00 14. 81 13. 69 — .12 

14. 81 14. 62 13. 56 — .19 

17. 50 17. 31 16. 19 — .12 

14. 56 14. 44 13. 50 — .37 

15. 50 15. 25 [ 14. 37 — .13 

17. 69 17. 50 16. 50 — .25 

16. 50 16. 37 15. 25 — .56 

16. S81 16. 62 1E. 44 + .44 

17. 56 17. 25 16. 06 + .56 

14.94 14. 75 13. 62 + .18 

14. 25 13. 94 12. 87 + .25 

15. 50 15. 25 14. 06 + .37 

16.25] ° 16.00 14. 87 + .31 

7.44 7. 25 6. 56 + .46 

1.20 eeu) 6. 44 + .63 

5. 94 5. 69 5. 00 + .50 

4. 62 4.37 3. 87 + .25 

6. 69 6. 50 5.75 + .25 

6. 37 6.19 5. 56 + .50 

6.19 6. 00 5. 37 + .43 

6. 81 6. 56 5. 94 + .50 


1 Owing to an accident the shoulders of Lot II were not cured. 
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TABLE V.—Summary of curing and smoking. 


Process. | Hams. Shoulders. Bacon sides. 
es | 
| Pounds. | Per cent. | Pownds. | Per cent.| Pounds. | Per cent. 
Motaliercen weight eee ae eee el LOL ST 100. 00 84, $1 100. 00 40. 87 100. 09 
Weight after curing...............-..----. | } 106. 05 95.31} 112.38 51.31 125. 53 
Weight after draining....... 105. 27 93. 81 110. 61 49. 69 121, 56 
Weight after smoking. _/...-...-.2.--.---- | 98. 36 86. 94 102, 50 44.50 108. 86 
Gain by iCurings Ss ce eee | 6. 44 5. 27 9. 00 10. 61 8. 82 21. 56 
TOSS Toy GANONG. LL way so Jl so yes sueneeoe be | 8. 44 6.91 6. 87 8.11 5.19 12. 70 
Net gain (+) or loss (—)..-.--..---------- | —2.00 —1. 64 +2. 13 +2, 50 +3. 63 +8. 86 


It is seen from this table that there was no marked difference in 
the shrinkage of the cuts from the different lots. The large gains 
in weight in the shoulders and bacon sides were partly due to the 
fact that they remained in the brine for 8 weeks and absorbed more 
moisture than the hams. 

The color of the smoked meat was very uniform, showing a rich 
brown on the outside. When cut the hams and shoulders had a rich 
color, not the shade of blood, but not in any way bleached out. The 
color was very uniform among the several lots. 

Sample slices from all of the cuts from each hog were compared 
and no difference could be noticed in flavor, palatability, or cooking 
qualities. -It was impossible to differentiate between the cured meat 
from the various lots; it was all excellent in quality, with an appe- 
tizing odor, and a delicate flavor. 


SUMMARY OF CARCASS DATA. 


From a careful review of the foregoing the following conclusions 
are drawn: 

Dried pressed potato meal fed with any of the three supplements 
used in the experimental feeding produced pork equal in quality to 
that produced by a ration of corn meal and tankage. 

Dried pressed potato meal supplemented with old-process linseed- 
oil meal (Lot TIT) produced a carcass which for degree of finish ex- 
celled even that of the corn-meal hog (Lot 1), and the degree of 
finish on the other two lots was but little inferior to that on the 
check hog (Lot I). 

No difference could be noticed in any way im the curing qualities 
or in the excellence of the finished product raised from the hams, 
shoulders, and bacon sides of the hogs fed in the four different lots. 
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PUBLICATIONS OF THE UNITED STATES DEPARTMENT OF 
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Feeding Hogs in the South. (Farmers’ Bulletin 411.) 

Hog Houses. (Farmers’ Bulletin 488.) 

Boys’ Pig Clubs. (Farmers’ Bulletin 566.) 

Breeds of Swine. (Farmers’ Bulletin 765.) 
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INTRODUCTION. 


In compliance with requests from farmers and horse breeders of 
the Dakotas and Montana regarding “fly annoyance” to horses, a 
survey of conditions was made in the autumn of 1914 by Mr. F. C. 
Bishopp. Under the direction of Dr. W. D. Hunter and the super- 
vision of Mr. Bishopp, investigations were undertaken in the follow- 
ing summer upon the European Gastrophilus haemorrhotdalis, com- 
monly known in that section as the “ nose-fly.” 

The preliminary investigations in the summer of 1915 revealed 
the fact that the concentration of horses in pastures had rendered 
breeding conditions practically ideal for bot-flies, and that a most 
serious fly nuisance had developed which implicated three species of 
Gastrophilus. This concentration of horses in pastures may be 
attributed in part to the advent of gas engines, automobiles, and 
tractors, and to maximum prices, which has encouraged the breeder 


1Mr. H. B. Bradford made the drawing illustrating the eggs of Gastrophilus, and 
Mr. W. N. Dovener made those illustrating the larye and dorsal aspects of the adults, 
Many of the photographs were made by Mr. A. K. Pettit. 
11216°—18—Bull. 597: 1 1 


2 BULLETIN 597, U. S. DEPARTMENT OF AGRICULTURE. 


to meet the great demand for army horses. Within the nose-fly dis- 
trict is to be found one of the largest horse-sale points in the world. 


BRIEF LIFE HISTORY OF GASTROPHILUS. 


Our knowledge of the life histories and habits of these insect 
pests, which is always essential to successful control, is confined for 
the most part to the classical accounts of Bracy Clark in 1797 and 
subsequently, although later writers have added important details. 

When the female of Gastrophilus intestinalis (G. equi) becomes 
sexually mature it is most often observed hovering near the inside 
of the knee of a horse, where by preference the eggs are deposited. 
After a few days, when the larve develop within the eggs, the horse 
by scratching the forelegs with the teeth provides sufficient moisture 
and friction to remove the operculum or small cap of the eggs and 
inadvertently the larve are taken within the mouth. The empty 
eggshells remain attached to the hairs of the legs, whereas the 
larve are carried with the food or water to the stomach, where 
attachment to the stomach walls takes place. Here they undergo 
development during the autumn, winter, and spring months, and 
later are passed from the horse with the manure. At this stage pupa- 
tion ensttes and adult flies are produced. ; 

The other species of bots also spend similar larval periods in the. 
animal, but have habits peculiar to the particular species. 


HISTORICAL. 


The literature containing historical references to the Oestridae 
carries one to a most remote time. The ancient Greeks and the 
Latins refer to “an unspeakable fright of cattle,” though later 
writers are not agreed as to whether it was produced by an oestrid 
or a tabanid. It is certain, however, that Aristotle knew the forms 
found in the throats of deer. 

The Greek veterinarians Theomnestus and Absyrtus give us the 
earliest record which could be referred to Gastrophilus when they 
write of the “biting worms which fix themselves to the anus of the 
horse.” In order to destroy them it was recommended that they 
be torn from the anus with the fingers and covered with hot ashes 
and pulverized salt. 

Malpighi in 1697 gave the first description of a gastrophilid larva 
taken from the stomach of an ass. According to Joly, it belonged to 
the species G. intestinalis De Geer, while to Brauer it was @. flavipes 
Olivier. Gaspari published an erroneous opinion that G. haemorrho- 
idalis deposited its eggs in the rectum of the horse during def- 
ecation, and that the larve migrated to the stomach until about 
fully developed. Vallisnieri and Réaumur made the same erroneous 
diagnosis. 
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Linnaeus, Fabricius, and De Geer occupied themselves with the 
early classification, and not until 1797, with Bracy Clark, does the 
natural history of the Oestride truly commence. To this historical 
work of Bracy Clark a few additions, many of which are cited in the 
bibliography, have been made by subsequent writers. 

In conformity with the rules of nomenclature and following the 

reestablishment of the Linnaean designation “ intestinalis” by Guyot, 
“ Gastrophilus intestinalis” is given preference rather than “ Gastro- 
philus equi.” 
_ Aside from priority, the specific name “ eguz” is not reliable, since 
there are several spe- 
cies of Gastrophilus 
which infest the 
horse; moreover “7n- 
testinalis” has been 
adopted by a number 
of dependable au- 
thorities. 


SPECIES DIFFEREN- 
TIATION. 


The eggs, larve, 


and adults are SO Fie. 1.—Gastrophilus nasalis: Female. Oviposits com- 
easily distinguishable monly under the jaws of horses. Greatly enlarged. 
= = c (Original.) 

in this genus that it 
does not require a study of detailed descriptions to enable a student 
to determine the species. (Figs. 1, 2,3.) Prof. Garman’s key to the 


wing venation, a reliable index to the species, is here quoted. 


Kry TO WING VENATION OF GASTROPHILUS SPP. 


i. Discoidal cell not closed by a cross vein______-_________________ G. pecorum. 
DISCO dgcellaGlosed iy a, CLOSS: Vel 2 —: =. ae a 2, 
PPI SemMarked > with Drown. 0-2 ee G. intestinalis. 
Misi eCMnO fama Kea) Wath! DELOWRMLS 25 22 2 eis se ba ee 3 
8. Anterior basal cell nearly or quite equal to the discoidal cell in 
SESE SDL pe SS eee G. nasalis. 
Anterior basal cell markedly shorter*than the discoidal 
CEN a Es ae el a er Nas ri G. haemorrhoidalis. 


The cloudy wings of G. intestinalis and its habit of depositing 
upon any convenient portion of the horse where it is not disturbed, 
but most commonly on the forelegs, will enable one to distinguish 
it most readily. ; 

G. nasalis is smaller than G. intestinalis, densely hairy, with the 
thorax yellowish red or rust colored. Its most common place of 
Oviposition is under the jaws, but it is sometimes observed to oviposit 
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upon the flanks or forelegs of the animal. Unlike G. intestinalis, 
it does not remain near the animal prior to the deposition of a 
second egg. 

G. haemorrhoidalis is easily distinguished by the bright orange 
red on the tip of the abdomen. The thorax above is olive gray and 
hairy, with a black band behind the suture. The base of the abdo- 
men is whitish and the mid- 
dle blackish, which is in 
strange contrast with the 
orange red of the end. It 
deposits only upon the small 
hairs on the lips of horses 
and mules. 

The males of G. intesti- 
nalis and G. haemorrhoi- 
dalis are often found await- 
ing the approach of females 
to the horses, and when they 
arrive the flies copulate. 


Fic. 2.—Gastrophilus haemorrhoidalis: Female. The S ecies characteristics 
Qviposits only upon the small hair on the lips Ie 


of horses, preferably the portions moistened by of the eggs of the three 

saliva. Greatly enlarged. (Original.) species occurring in the 
United States can best be observed by referring to the illustration 
(fig. 3). While G. intestinalis is usually attached about one-half its 
length to the hair, G. nasalis is attached almost its entire length. 
G. haemorrhoidalis is always found attached to the base of a hair on 
the lips. These hairs are so small that one does not observe them 
with the naked eye. It is the only Gastrophilus depositing here. 
The egg is black in color and the stalk is partially inserted in the 
pore of the skin at the root of the hair. 

Fourth-stage lave, as can be seen in the illustration (PI. 1), vary 
in size when fully developed. In all specimens the eleventh ring is 
completely deprived of spines, but upon the other rings the varia- 
tions are often misleading. However, the key given herein will 
assist in identifying fully developed larve. 


KEY FOR THE IDENTIFICATION OF FULLY “DEVELOPED LARVA: OF GASTROPHILUS SPP. 


1. Spines arranged in two alternating rows, the first more developed than the 


Seconds===a2= 9 SS SI es ee en 2 
SPOUT © Ses iT OTN eds yy TR ele sag Se pene G. nasalis. 

2. Spines long and prominent, lacking only two to three pairs on dorsal center 
CON EDT] Ae ra QUH Tt Gl alin 2X0) 9p ere eae eee ls DREN ENED SNS HORN a G. intestinalis. 


Spines short and segments prominent. Completely deprived or possessing 
only two to three pairs of spines on either side of the dorsal center of 
ho] OY sya IN OY[ELO pI ella sseeese es pee Nee en Se G. haemorrhoidalis. 
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DISTRIBUTION IN THE UNITED STATES AND PROBABLE 
DISPERSION. 


Recently Mr. F. C. Bishopp, in communication with a large num- 
ber of horse breeders, has determined some facts on the distribution 
_and other points, especially in regions adjoining the district where 
G. haemorrhoidalis is known to occur. This information will be 
published later. It will suffice to say here that G. haemorrhoidalis 
occurs in sufficient numbers to warrant the adoption of control 
measures in the Dakotas, Montana, and northern Wyoming. Accord- 
ing to Dr. C. Gordon Hewitt, Dominion Entomologist, the species 
extends over a considerable area in the Dominion of Canada. Two 
of the species, G. intestinalis and G. nasalis, are found throughout 
the United States where horses are present. G. pecorwm is not 
known to occur in the United States. 

The constant migration of the larve of G. haemorrhoidalis to the 
region of the anus and their dropping, which occurs over a long 
period, indicates that the principal means of dispersion is through 
the movement of infested horses. During the past few years 
large numbers of horses, which have been purchased in _ the 
infested district for European 
army purposes, were concentrat- 
ed at certain points until more 
could be assembled for shipment. 
This occurred at times when 
larve were normally dropping 
and allowed ample time for this 
species to become established. 
Although the adults may not 
have appeared in sufficient num- 
bers to attract attention in new 
districts, this will undoubtedly 
occur in the near future. 

The comparatively short dura- 
tion of adult life and the func- 
tions of the adults restricted to 
depositing eggs indicate that ‘"~ “@ naemorrhoidets and hair removed 
little dispersion takes place by with root ; b, G. intestinalis; ¢, G. nasalis. 
actual flight. In the nose-fly ae aga 
district there has been a slow but gradual spread of the species each 
year, as verified by hundreds of statements from farmers and horse 
breeders. 
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LARVAL COLLECTIONS AND REARING TECHNIQUE. 


An insectary was located in Aberdeen, S. Dak., where all types 
of farm and city operations concerned with the use of horses could 
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be observed, and at the same time easily accessible to a rendering 
plant where post-mortem examinations could be made. Horses in 
pasture were available in all directions, and livery barns were located 
within a mile and could be conveniently visited. 

Horses of many types, representing every locality in the imme- 
diate vicinity, could be observed in the livery barns, and it was 
from these horses that breeding material of G. haemorrhoidalis was 
obtained. While examinations of droppings were made, most of 
the larve utilized were removed from their places of attachment 
about the anus. These were sufficiently developed to pupate and 
produce adults, and did so even though they were not handled care- 
fully with the forceps in removal. The number of horses in the 
liveries varied, but usually from 30 to 100 were observed daily. In 
order to obtain an ample supply of larvee additional collections were 
made when near-by farmers came in with teams. 

In rearing adults, the larvee were placed in tin boxes upon moist 
sand in California parasite-rearing boxes, or in bread trays upon 
grass sod. These were usually kept in cages 18 by 18 by 18 inches, 
each of which was fitted with a door of sufficient size to permit the 
removal of trays for examination. When adults emerged it was 
necessary to confine them in tightly fitted cages which excluded sun- 
light, and to keep them supphed with grass sod or green foliage to 
lessen activity. Sunlight has an unusually great attraction for adult 
flies. They are very active and will damage their wings against 
the screen or crawl into a cage crevice and die. More especially has 
this been noted with G. haemorrhoidalis. 


LARVAL INFESTATION AND INJURIES. 
REVIEW OF OPINIONS. 

In reviewing opinions on the economic importance of bot-flies, 
one naturally encounters the ideas of Bracy Clark, which have been 
passed from one to another since 1798. He believed that larvee by 
irritating the membranes of the stomach and intestines often re- 
lieved a general disorder of the system, but mentions that, however 
useful a few of these natural stimuli may be, they result in large 
infestations which should at all times be prevented. He indicates 
in this paper that the intestations coming under his observation did 
not greatly exceed 100 larvee, and for the most part not more than 
a half dozen were to be found. 

We find the following statement by R. S. MacDougal (1899) : 

Opinion differs a good deal as to the harmfulness of these bots. In conver- 
sations with veterinary surgeons I find there is a tendency to minimize the 
evils that may attend bot presence. There are authenticated records, however, 
which place the possibility of grievous harm beyond all doubt. Inflammation, 


ulcers, interference with digestion, interference with the free passage of food 
or exit of waste matters, loss of appetite and condition, have been frequently 
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Warburton (1899) says: 


The irritation they set up can not fail, however, to be detrimental to the 
horse’s health even where no ill effects are obvious. The fact seems to be that 
a horse in good condition and well fed can endure the presence of numerous 
bots in the stomach without great inconvenience, but if the animal is in poor 
condition gastric enteritis, perforation of the stomach, and death may result. 

In Miss Ormerod’s report of 1890, Dr. Hy. Thompson, of Aspatria, 
Cumberland, England, says: 

I have never seen the stomach entirely perforated, but the irritation induced 
by the development of the larva causes in many eases a great wasting of 
flesh in the horse. 


Perroncito (1902) describes lesions caused by Gastrophilus larve, 
some of which resulted in perforation of the stomach walls and death 
of the animals. Cases of Flohill, Numan, Conti, and others, as well 
as cases coming under his personal observation, are mentioned. 

Kroéning (1906) reports having observed cachexia accompanied 
with colic in young colts during the previous five years, and at- 
tributes this to infestations of bots. 
~ Lahille (1911) makes mention of larve causing death of animals 
and cites the possibility of infection in the lesions. 

Velu (1913) reports that a drought greatly favored attacks in 
Morocco and more than 1,000 larve were usually found in post- 
mortem examinations. All three of the more common species were 
present, but G. nasalis caused lesions which resulted in death of the 
animals. 

The universal distribution of G. equi and G. nasalis has familiar- 
ized persons in every locality to some extent with bots of horses, yet 
their opinions are naturally varied as to the economic importance of 
the larve. There are some who believe that there are no ill effects; 
others think that they are beneficial; while some even believe that a 
horse will die if the bots are removed. Such conceptions are most 
prevalent among “horse doctors” who are not in possession of an ef- 
fective treatment for the removal of bots. On the other hand, it 
is a difficult matter to convince a horse breeder that bots are bene- 
ficial when his yearling colts kept in pastures have a rough coat, fail 
to grow or fatten, show no symptoms of disease, and at the same 
time possess a good appetite. Many breeders have made post-mortem 
examinations of horses for their personal satisfaction. The finding 
of hundreds of well developed larvee with conspicuous lesions con- 
veys vivid impressions and greatly emphasizes the importance of 
bots. Others, without a knowledge of the development of bots within 
the horse, often make examinations after numbers have been passed 
and the lesions healed ;or when the larve are small and probably not 
observed by an untrained eye they are regarded as less detrimental. 
It is only by careful post-mortem examinations of large numbers of 
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horses that conclusions can be drawn, and these may be erroneous if 
one is not familiar with the various species, their usual points of at- 
tachment, and phenomena peculiar to each. 


SPECIES IMPLICATED. 


Gastrophilis intestinalis, “the common bot,” attaches ordinarily 
in the stomach, has been taken in the duodenum, but has never been 
found permanently attached in any other regions (Table I, p. 10). 
Rarely it may become temporarily attached in the rectum, but is not 
present with an alveolus or lesion. 

G. nasalis, “the throat bot,’ attaches by preference in the duo- 
denum, is often found in the stomach, and is the only known species 
which attaches in the pharynx. Due to the attachment in the throat, 
it not only becomes a species of vital importance when the bots 
congregate in sufficient numbers to hinder or cut off the breathing or 
the horse or cause an infection, but in this location they can not be 
removed by an internal treatment. In the duodenum the infestation 
may be sufficient to hinder or stop the passing of excreta. Table I (p. 
10) shows the comparative abundance in the stomach and duodenum 
during the period that larvee are well developed and naturally drop 
from the-host. 

Various cases are on record in which this species has been removed 
from the pharynx, in all of which the authors considered it a serious 
detriment to the horse. While larvee which were not sufficiently de- 
veloped to be determined with authenticity have frequently been 
removed from the pharynx, 8 larve of G. nasalis were collected in 
the throat of a dray horse by J. L. Webb at Reno, Nev., on August 
29, 1916. In numerous cases, both at Aberdeen, S. Dak., and at Dal- 
las, Tex., the author has found iesions present in the pharynx, indi- 
eating that the larve had become fully developed and had passed out 
of the horse. In making post-mortem examination of horses to de- 
termine the attachment of young larve in the pharynx extreme 
care should be exercised, as young meat-infesting larvee may be con- 
fused with Gastrophilus. Upon hatching they migrate from the 
light into the nostrils and may be found in the pharynx and other 
locations in the throat. 

Dr. Buffington (1905), of Brooklyn, Iowa, gives a valuable history 
of a case in which a mare died as the result of an infestation of 
G. nasalis in the pharynx. This animal had experienced difficulty 
in eating for more than a month, and was unable to take food for a 
week prior to November 26, 1903. At this time she would drink 
water, but after masticating food a very little, would drop it out. 
The symptoms were those of paralysis of the muscles of deglutition 
and there was a very offensive odor about the head. Four days later, 
when the animal died, the nasal, pharyngeal, laryngeal, and upper 
portion of the cesophageal mucous membranes were found to be gan- 
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STAGES OF THE BOT FLIES, GASTROPHILUS. 


Upper left.—Gastrophilus haemorrhoidalis: Female, side view. Upper right.—G. haemorrhoidalis. 
arvee attached to margin of anus of horse. Left of center.—G@. haemorrhoidalis: Last-stage 
larva. Center.—G. intestinalis: Last-stage larva. Right of center.—G. nasalis: Last-stage 
Lower left.—G. intestinalis: Puparium, showing cap split off by fly inemergence. Lower 


larva. 
(Original.) 


right.—G. haemorrhoidalis: Male, side view. 
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LARVA OF THE BOT FLIES, GASTROPHILUS. 


Upper.—Attachment of last-stage laryee and alveolar lesions upon the mucosa of the left sae 
of the stomach. Lower.—Infestation of 317 last-stage larvee, with lesions in the center. 
(Original.) 
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erenous and the source of the offensive odor. From the pharyngeal 
walls 12 or 15 larvee were removed, 6 of which the present author 
obtained. Three of these larvee were determined as G. nasalis, and it 
is reasonable to believe that the other larve, which were not suffi- 
ciently developed for identification, were of the same species. 

The larve of G. haemorrhoidalis, “the nose-fly,’ as is shown in 
Table I, may be found in the stomach, duodenum, or rectum, and 
also attached about the margin of the anus, where they change in 
color from pink to a greenish, become accustomed to the atmosphere, 
and later drop to the soil for pupation. During the early stages 
they attach within the stomach and duodenum, but later loosen them- 
selves and reattach in the rectum, from which they gradually move 
to the anus. The attachment of clusters of these larve in the rectum 
has been known to stop the passage of excreta and to cause abnormal 
protrusions accompanied by much suffering. 

About June 1, 1915, a horse breeder in Montana experienced a case 
of obstruction of the rectum in a yearling colt. On three different 
occasions within one week the animal was observed lying down in 
the pasture with the rectum greatly protruded. Each time it was 
washed with warm water and replaced, but the larve causing it were 
not observed until the third time. The exact number of bots removed 
by hand was not ascertained, but upon their removal and replace- 
ment of the rectum the animal gradually recovered. 

Table I records a maximum of 1,032 bots removed from a 2-year- 
old colt. The infestation consisted of 695 G. intestinalis, 248 G. 
nasalis, and 89 G. haemorrhoidalis. This was the greatest number 
obtained during any of the autopsies. Colts are always the most 
heavily infested, especially when they come from summer pastures, 
and in this case the animal was greatly emaciated, possessed a dull 
coat, and, in spite of a good appetite and an abundance of food dur- 
ing the previous winter, failed to grow or fatten. It had suffered 
from a broken shoulder, the result of a kick, which ordinarily would 
have healed promptly at this age, but instead it remained for months 
a cripple. The owner, believing that it would never thrive, caused 
the animal to be killed, and the post-mortem examination revealed 
no abnormal condition, except the bot infestation and the broken 
shoulder. It appeared that so much vitality was sapped through the 
inroads of bot infestation that the colt had no recuperative surplus. 

At the date of the post-mortem examination 89 G. haemorrhoidalis 
larve had migrated to the rectum and attached. They were not sufli- 
ciently developed to pass out and were attached at this point with 
lesions characteristic of those usually found in the stomach. 

In Table I many of the infestations noted were comparatively 
small when the post-mortem examination was made, and attention 
should be called to the fact that all of these examinations were made 
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during the time when larve were naturally dropping with excreta. 
The numbers do not show the maximum infestations of larve that 
may have been present. Many of the dead horses examined had 
been subjected to various environments prior to the autopsies and are 
not representative of infestations found when horses have spent the 
entire previous summer in pastures. 


TABLE I.—Gastrophilus findings in post-mortem examinations of horses at Aber- 
deen, S. Dak., 1915-16. 


Larve in stomach. Larve in duodenum. 


Horse Spent summer. 


sp. small. 


sp. small. 
Larve in rectum, G. 


G. intestinalis. 

G. nasalis. 

G. haemorrhoi- 
dalis 

Gastrophilus 

| G. intestinalis. 

G. nasalis. 

G. haemorrhoi- 
dalis 

Gastrophilus 

haemorrhoidalis 
Total number larvee. 


July 24 | Inpasture.................. 
Aug. 3 Farm work i 


1 Includes 1 G. intestinalis temporarily attached in colon. 
2 Includes 1 G. intestinalis temporarily attached in rectum. 


LARVAL MOVEMENTS WITHIN THE HORSE. 


When a post-mortem examination is made, the larve usually are 
found quiescent, although occasionally some may be observed to move 
the posterior end slightly. The smaller larve show more activity 
than do well-developed ones. 
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Other than G. nasalis, which sometimes attaches in the pharynx, 
the first-stage larvee attach to various portions of the stomach and 
duodenum. In the stomach young larve have been removed from 
various locations, including both the cardiac and pyloric portions. 
The last-stage larve of all three species are found in the various por- 
tions. Gastrophilus intestinalis is confined for the most part to the 
mucosa of the left sac, though this species has been taken in the 
right sac and in the duodenum (see Table I). In the early stages 
some of the larve either change places of attachment or pass out of 
the horse undeveloped. With last-stage larve the indications are 
that, excepting G. haemorrhoidalis, they remain attached at one 
place continuously during feeding, as in early spring the number of 
larve and lesions upon the mucosa is the same. 

During the early spring or perhaps even in winter the larve of 
G. haemorrhoidalis move from the stomach and duodenum to the 
rectum where they may be found permanently attached in clusters. 
It is evident that they feed in this position, as lesions are sometimes 
present. Later when they move to the margin of the anus no lesions 
are present and apparently the larve only pause to become accustomed 
to air temperatures before dropping. 

There is no definitely periodic larval migration of G. haemorrhot- 
dalis, as some last-stage larve are found in the stomach and duode- 
num until early fall. Through the courtesy of Dr. L. Van Es, of the 
North Dakota Experiment Station, some post-mortem examinations 
were made at Fargo, N. Dak., and larve preserved according to 
their location within the animal. During the winter these larvee 
were found in the stomach, and on July 10, 1916, 3 larve; July 14, 
1916, 16 larve; and August 18, 1916, 2 larve were fully developed 
and in the same regions. This coincides with the findings at Aber- 
deen, S. Dak., although one last-stage larva was found in the stomach 
on September 8, 1916. 


POINTS OF LARVAL ATTACHMENT. 


When an opened stomach of a horse is examined, one is impressed 
by the contrast in the left and right portions. Around the entire 
organ a line of demarcation is represented by a prominent sinuous 
crest. In the left portion, which is often called the left sac, the 
mucosa is white, dry, resistant, and covered by a thick layer of 
epithelium. This covering is identical with that of the esophagus 
and may be considered as a widening of the esophageal canal. 

Dr. Guyot, in describing the mucosa of the left sac, says the struc- 
ture is analogous to that of the skin. It is dermo-papillary, with 
epithelium of the Malpighian type, but possesses a muscle, the 
muscularis mucosae, which is peculiar to it. The structure of the 
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right sac differs in having a soft membrane with an epithelium 
formed by a single layer of cells. 

G. intestinalis larvee are practically always found attached in the 
left sac, and it is the opinion of Dr. Guyot that this portion affords 
the most stable point for larval attachment. He thinks that cases 
are exceptional in which larve maintain themselves in the right sae. 
This, however, does not explain the attachment of G. nasalis in the 
duodenum and to the walls of the pharynx, nor does it account for 
the attachment of G. haemorrhoidalis in the right sac of the stomach, 
in the duodenum, or in the rectum. As has been mentioned by 
Dr. Guyot, the reason for attachment in certain regions of the diges- 
tive tract will remain a mystery until the manner in which larvee 
are nourished is ascertained. 

Various investigators have been unable to discover white or red 
corpuscles of the horse in the pharynx and other alimentary portions 
of the larvee. Clark believed their food was probably the chyle, but 
Guyot rejects this explanation, as larve in the pharynx are located 
where this could ‘not possibly be utilized. As Oestrus ovis larvee 
nourish themselves with the mucus secreted by the mucosa of the 
nose and frontal sinuses of sheep, and as those of Hypoderma utilize 
the pus of the abscesses which they create by their presence in cattle, 
he believes it permissible to suppose that those of Gastrophilus find 
nutriment in the inflammatory products of the gastric mucosa. 

It would appear, from observations, that Gastrophilus larvee some- 
times feed upon the blood of the animal, although they are not de- 
pendent upon it for subsistence. The red and maroon color of G. 
intestinalis and G. hemorrhoidalis, with their attachment upon 
points other than the mucosa of the left sac, would bear out this 
hypothesis, which is further supported by the fact that G. haemor- 
rhoidalis when fully developed in the rectum still retains a pinkish 
color. 

THE ALVEOLAR LESIONS OF THE STOMACH. 


In Dr. Guyot’s examinations of lesions caused by the attachment 
of larve to the mucosa of the left sac, the muscular coat was not 
damaged. ‘The condition found was merely a localized inflammation 
around the point of larvai attachment, in which the derma had been 
invaded by leucocytes. He assumes that this is only the common 
inflammatory reaction which would be normally produced around 
any foreign body. 

In following these studies Perroncito found that the bottom of the 
alveolus varied in size and became the seat of a more or less remark- 
able inflammatory process. This produced a thickening of the walls 
of the stomach and finally the disappearance of the muscular tissue, 
which becomes hard and compact, preventing the normal functions of 
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the stomach. He mentions cases of perforations, lacerations, and 
ruptures of the stomach observed by Flohill, Numan, Conti, and 
Brusasco, and calls attention to alveolar lesions which are naturally 
more predisposed to induce various infective diseases. (See Plate I.) 


GASTROPHILUS AND SWAMP FEVER. 


Aside from the lesions which may induce the entrance of organisms 
of infectious diseases, the Seyderhelms, of Strassburg (1914), report 
results which they think implicate Gastrophilus larve in the causa- 
tion of swamp fever. It is believed by them that the larve excrete 
a specific toxin which is the cause of the disease, for by administer- 
ing extracts of these larve symptoms typical of swamp fever have 
been observed. The coincidental distribution of Gastrophilus with 
that of this disease would appear to bear out the hypothesis. It is 
said that the most virulent reactions were obtained in these experi- 
ments with G. haemorrhoidalis \arve. 


BOT-FLY ANNOYANCE. 


In those portions of the country where the nose-fly does not occur, 
horses are seldom sufficiently annoyed to require protection. The 
persistence of the common bot-fly and the repeated stamping of the 
animals are evidence that it is annoying, but when the throat bot- 
fly “ strikes ” the action of the horse becomes more violent. 

The throat bot-fly is less persistent but more determined in de- 
positing, and the horse usually responds with a violent nod or jerk, 
the violence depending upon the nervousness of the individual. In 
plowing it is sometimes necessary to place a strip of cloth or a small 
branch of a tree underneath the throat latch and extending to the bit 
rings. 

In the nose-fly section the annoyance is produced by the two gener- 
ally distributed species in addition to G. haemorrhoidalis. Upon'the 
approach of this fly the horse moves the head backward and forward 
to prevent its darting on the lips, but this only seems to arouse its 
determination, for it quickly alights on the lips and within a second 
or two deposits a black egg. It apparently occasions a most annoy- 
ing sensation, and a horse will most often snort and rub violently 
against the ground, a bowlder, a tree, barb-wire fence, or any con- 
venient object. 

The effects of ovipositions on pastured animals are worry, loss of 
flesh, and mechanical injuries. If the lips are examined barb-wire 
lesions will be found which resulted from the rubbing of the horse 
following an oviposition. (See Plate IV.) 

With an unprotected work animal one may be suddenly confronted 
with a jerk or a similar violent action of the animal at each oviposi- 
tion of the fly. When a few eggs have been deposited the animal 
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proceeds from infuriated shaking of the head, sometimes accompanied 
by loud snorts, to complete loss of self-control, and will use any 
means for self-protection. Numerous runaways naturally occur and 
serious accidents have also occurred when horses were being used 
for mowing. The majority of farmers and breeders contend that 
“the fly stings the horse in the nose.” The reactions of the animals 
are often so violent that at first it seemed that the horses really 
experienced pain. Dr. Parker, of the Montana State Board of 
Entomology, has published some notes? to the effect that the eggs 
were thrust into the skin, but he failed to recognize the minute hairs 
to which the eggs are attached. The poinied portion of the egg is 
merely a device by which it is attached to the hair. A horse does 
not experience any pain, as the ovipositions do not puncture the skin. 
Neither. do the flies deposit in the nostrils. Careful search has 
failed to disclose a single egg in such locations, and it would appear 
that the snorting of the animal has given rise to this “ popular 
opinion.” It is believed, however, that annoyance is largely due at 
first to an instinctive fear and later to a tickling sensation when the 
eggs are attached to the minute hairs, as the lips are the most sensi- 
tive portions of the horse. Practically all horses in this section have 
sore lips from eating a “ wild barley” or “ foxtail grass” (Hordeum 
jubatum) and there is no doubt that this soreness contributes to 
the annoyance. 


NATURAL PROTECTION OF HORSES. 


The flies show no preference as to type, breed, color, or age, but 
naturally oviposit upon unprotected animals. Horses seek protection 
in pastures, the individuals gathering in a bunch and resting their 
lips upon one another. Colts and young animals not high enough 
to protect their lips in this way receive an abundance of eggs. 

A horse will sometimes hold the lips upon the ground as if grazing, 
upon detecting the presence of the fly, and when held in such posi- 
tion the adult fly is rarely observed to oviposit. Often the annoyance 
of biting flies and other depositing Gastrophilus will cause a horse 
to walk, holding the lips near the ground. Frequently other horses 
will follow and protect themselves by placing their lips upon his 
back or the backs of other animals in the line. Usually they search 
for the highest elevation where the breeze is blowing, or for standing 
water, but if an open stall is convenient they will use it to good 
advantage. If protection is not found an unconfined animal will 
often wander a great distance from home. 

Upon a bright still day ovipositions occur from 8 a. m. until about 
sunset, and the group of horses may be observed to shift from place 
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to place without eating, their lips resting upon one another, or they 
may congregate with cattle, which are not subject to attack. The 
horses spend such days in awaiting darkness, after which feeding 
takes place. Characteristic positions of the animals are shown in 
Plate IIT. 

Wind with a velocity of 15 miles an hour or more greatly relieves 
the animals, and persons driving horses about thrashing machines 
often stop them so that they face the breeze. 

Cloudiness is also a protection to horses, and if only a light cloud 
conceals the sun a bunch of horses may be observed to disperse and 
begin grazing. Often their feeding will have only begun when the 
sunlight returns, causing them again to seek protection in a group. 

Horses in standing water are not annoyed by nose flies and fre- 
quently they seek this protection in order to eat, despite the fact 
that hundreds of mosquitoes feed upon each animal. This standing 
or feeding upon grass in water is excellent for a foundered horse, 
and the mud which adheres to his legs prevents G. intestinalis from 
ovipositing upon them. 

While the wind and cloudiness are especially protective against 
G. haemorrhoidalis, the other two species of bot-flies are not much 
affected thereby. G. intestinalis may be observed to oviposit on 
windy and cloudy days. G. nasalis deposits under more adverse 
conditions than does @. haemorrhoidalis, but seems to be more sensi- 
tive to natural agencies than is @. intestinalis. 

In barns the species of Gastrophilus never have been observed to 
oviposit. On numerous occasions ovipositing adults have been ob- 
served to pursue the animal only until it reaches the stall door. 
Post-mortem examinations of horses which had been confined in 
stalls failed to reveal a single larva. One of our correspondents 
reports that the annoyance of G. haemorrhoidalis was greatly re- 
duced when he constructed a simple shed in the pasture where the 
horses could congregate. 


SEASONAL HISTORY OF GASTROPHILUS. 


At Aberdeen, S. Dak., the larvee of G. haemorrhoidalis are ob- 
served attached to the margin of the anus of horses as early as May 
5 to 10, and if suitable temperatures occur adults may be expected a 
little prior to June 15. 

From June 21 to 27, 1915, G. haemorrhoidalis adults appeared at 
Lodge Grass, Hardin, Billings, Miles City, and Custer, Mont. At 
the same time they appeared at Aberdeen, S. Dak., and neighboring 
points. They have been observed at Aberdeen, S. Dak., as late as 
October 10, though they are seldom found after a killing frost, which 
is usually about September 15. 


16 BULLETIN 597, U. S. DEPARTMENT OF AGRICULTURE. 


The other two species appear at Aberdeen, S. Dak., about the same 
time as G. haemorrhoidalis, but are most abundant just before a 
killing frost. The @. haemorrhoidalis are least abundant at this 
time, and are present in greater numbers during the early half of the 
season. After a killing frost one seldom finds a Gastrophilus except 
when warm temperatures prevail during a few days. 

In the “ nose-fly ” district one must bear in mind that the period 
during which flies oviposit is that when farmers are most busy, and 
the most favorable time for fly ovipositions is when the weather is 
most favorable for working horses. The adults appear during the 
plowing of corn and sorghum, and the annoyance continues during 
the mowing of hay, the harvesting and thrashing of grain, and the 
marketing of farm products. 


GASTROPHILUS HAEMORRHOIDALIS (Linnaeus). 
SYNONYMY. 
Oestrus haemorrhoidalis Linnaeus, 1761. 


Gastrophilus haemorrhoidalis Leach, 1817. 
Gastrus haemorrhoidalis Meigen, 1824. 


ATTACHMENT IN RECTUM AND DROPPING OF LARVZ. 


During the early spring and summer the fourth-stage larve are 
normally concealed within the rectum, where lesions have been noted 
in post-mortem examinations. Later they effect a temporary attach- 
ment to the margin of the anus, where they become accustomed to the 
air temperatures, assume a greenish color, and apparently increase 
their motility. Larvee, normally exposed to the air at the rectum, 
after dropping seem to conceal themselves at grass roots so as to be 
protected from the heat of the sun much more easily than those 
unexposed at the margin of the anus. When a larva is attached 
so that only the posterior end is exposed at the rectum one will find 
the anterior end a pinkish color, while the posterior will be greenish. 

Larvee exposed at the rectum have been observed for the length of 
time they remain attached, and the shortest period was slightly more 
than 40 hours, while the longest was 71 hours. The heat of the sun 
for a few minutes was sufficient to cause larve to drop when an 
attempt was made to photograph a larval attachment at the anus. 
At various times during the day larvee appear at the anus, as many 
as 13 sometimes being visible at one time. The larve are likely to 
drop under most any condition, but do not drop with manure, as is 
supposed. When manure is dropped during their attachment they 
seem to use more effort in clinging and are only pushed aside during 
its passage. (See Plate I, figure at upper right.) 


PREPUPATION AND PUPAL PERIODS. 


In the normal pupation of a larva which has been exposed at the 
margin of the anus there is a gradual change from greenish to yel- 
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PLATE III. 


PROTECTION FROM BoT FLIES. 


Upper.—Horses assembled for protection during ovipositions of Gastrophilus haemorrhoidalis. 
Center.—A method of protecting lips from ovipositing G. haemorrhoidalis. Lower.—Protect- 
ing under jaws from ovipositing G. nasalis. (Original.) 
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SECONDARY INJURY FROM BoT FLIES. 


Upper.—Horses rubbing following ovipositions of Gastrophilus haemorrhoidalis. _Lower.—Lower 
lip of horse showing barbed wire cut at the lower extremity which resulted from rubbing. 
The small holes are injury from the grass Hordeum jubatum. (Original.) 
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lowish, the larva contracting and assuming the form of a pupa. As 
the puparium becomes more hardened a reddish tinge appears, but 
after a few days it becomes black and retains this color until the 
adult emerges. 


TasLeE II1.—Some environmental effects on metamorphosis of Gastrophilus 
haemorrhoidalis at Aberdeen, S. Dak. 


| 
Temperature, col- Lon- 
lection to emer- | gevi- 
Larvee Agar ‘Num-|Num ty 
ay Pre- | z ‘| Number] of 
collected Environment. pupal | Pupal ber | ber | “adults llarves 
from acl period. lar- | pu- d t 
rectum. pero ve. | pe. |omersed.) no 
Max. | Min. | Mean. | Due 
pat- 
ing. 
1915 Hours.| Days. | oR) 258, \\ 0 B. Days 
June 4] Fresh horse manurein tin box) 27-47 | 39-45 88 | 35] 63.21) 14 14 10 ee 
Tune. 5) 2 Oca Sees Sees eee ere 24-72 | 46-54 88 35 | 64.76 | 33 31 22 4 
Tune Sees ee GOSaE a EE ates 2 ot 384-52 | 37-44 88 35 | 64.93 16 13 8 8 
June 8]..... LO See emcee aca sictesiciee 49 | 38-40 88 35 | 65.67 ra 7 DB Raat 
Hume: 9) Clean tin’ box. 2 -—.2.--:--..2- 35-55 | 36-48 88} 35] 65.02] 12 11 Oh eas 
June 12 Glass jar and fresh horse ma- | | 
TITIROM EP REE ya None os | 58-146 | 33-36 88 40 | 65.73 | 14 14 His boke 
June 15 | Dry hard soil......--.-.-.---- 75-122 | 28-30 85 40 | 62.40 10 10 iiligeaane 
Do...| Moist horse manure...-.------ | 122 | 29-31 85 40 | 62.56 10 8 7 | 15-22 
Doses | Cleamtin’ POx=.- 2-2 s-4-0--- | 120 | 31-32 84 40 | 62.89 7 6 4 15 
June 14 ]..... Ome ee eee aceisa 50-144 | 30-38 84 40 | 64.33 27 25 18 4 16 
June 18'_.... (6 Koo Sa ea spe eae ae ae 27 =} 32-42 84 40 | 63.23 34 30 26 12 
June 17 | Moist manure in tin box..--- | 18-47 | 34-40 84 40 | 62.06 33 33 285 ese 
July 12 Black loam in tin can......-- 23-39 | 34-35 85 40 | 64. 23 8 5 B llasadan 
Atige ie Onverassisod: 5. 22---2-0 52- 19-26 | 58-68 88 | 132 60.59 7 7 Si beeees 
1916. 
Mavae22 Olean tin POX. -- ssc soccce 68 41 94 42 | 62.62 5 4 Que eysieg 
Wen 25) esos 610). aCe Se eran 52-72 | 36-40 94 42 | 62.81 5 4 3 11 
May 30 |...-.- GO See pee ee eects s 141-170 | 34-35 94 42 | 64.79 2 2 1a lteaeee 
May 31 |...-.- (IO) pen et oa cenbeceSonercone leadeusen 35 94 42 | 60.08 1 1 Lil iosees 
June 3 |..... OEP ee eincetenieemsek 42-96 33-34 94 42 | 65.55 11 8 5 5 
June 5] With moist sand...........-.- 75-100 | 32-35 94 42 | 66.69 17 17 NG) We eesbo 
June 10|....- CLO eee e Sa hysee nici | 44 30-32 94 42 | 68.15 28 25 20 4 
June 23 | Clean tin box and moist loam.|......-. 21-24 96 48 | 74.08 46 44 38 5 


1 Minimum, Sept. 21. 


In rearing larve to adults a most convenient and efficient method 
was utilized by placing them in clean tin salve boxes upon moist sand 
in bread pans. Table II gives some results of rearing under such 
conditions, using various media within the tin boxes. The period of 
collections extends from June 4 to August 7, which includes prac- 
tically the entire season during which larve appear at the anus of 
horses in Aberdeen, S. Dak. It will be observed that the prepupal 
stage, the period from removal of larve until pupation, varies from 
18 to 170 hours. This is a much greater range of time than is normal 
and may be attributed to the fact that larvee were removed before the 
critical period of dropping. In some instances under varying con- 
ditions they did not pupate, and, while some larve died within a few 
days, one is recorded as living for 22 days. 

The removal of larve from the rectum prior to their normal ex- 
posure to the air at the margin of the anus has a pronounced effect 
upon rearing. A small percentage have been reared which were fully 
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developed and concealed within the rectum, but larve less than 
normal size, which were not exposed at the margin of the anus, did 
not produce adults. Only larve possessing the greenish color indi- 
cating exposure at the margin of the anus were used in experiments 
recorded in the tables. 

In Table IT, of 347 larvee collected, 319 pupated and produced 236 
adults, the pupa period varying from 21 to 68 days. The greater 
portion emerged during the shorter periods indicated in the table. 


FATE OF LARV4 DROPPING UNDER VARYING CONDITIONS. 


The variety of conditions under which larve are dropped naturally 
suggests the question of their ultimate fate. In an effort to deter- 
mine this point by experiments, the most striking phenomenon ob- 
served was the larval “ migration ” which precedes pupation. In ex- 
periments recorded in Table III, larve placed upon the surface of 
the soil or media penetrated to a slight depth for protection of the 
pup. With larve buried in loose soil, as would ordinarily occur 
when they are dropped by plow horses, they moved upward to near 
the surface for pupation. 
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Questioning the fate of pupz if buried, a lot consisting of larve 
that had moved near to the surface before pupating were replaced in 
moist loam to a depth of 5 inches. The adults had no difficulty 
in penetrating this soil, as 29 emerged normally from 32 pupe. 
A lot of 15 larvee buried 4 inches under black loam and fresh horse 
manure produced 14 pups, many of which were located near the 
surface. Lachnosterna larve were present and during their develop- 
ment kept the soil well pulverized. Of the 14 pup, 8 produced 
normal adults. 

The experiments cited in Table III, with the exception of the 
lot of puparia eaten by a field mouse, show that the greater emer- 
gence percentage occurred when larvee‘were placed upon grass sod. 
By this method sufficient moisture was supplied, and at the same time 
the movement of the larve to the roots of the grass protected the 
pupez from excessive heat. In one lot 32 adults emerged from 35 
pup, and in another, under similar conditions, 38 adults emerged 
from 42 pupe. 

It is also noted from other experiments that excessive moisture 
or dryness is less favorable for the metamorphosis. 


EFFECT OF HEAT ON LARVA AND PUP. 


Doubtless numerous larve and pupe are subjected to heat, in 
barren places, when dropping from work horses driven upon the 
roads. This may not be confined to the heat of the sun, for horses 
standing in stalls may drop larve which are placed with the manure 
in piles that generate heat. The results of some tests are given in 
Table IV. 
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Upon hard soil the larve are seldom observed to move more than 
a foot, and this sometimes requires 15 minutes. The tendency seems 
to be confined almost wholly to burrowing, and it is only when 
dropped on unsuitable places that they migrate. When exposed 
upon hard, barren soil to the heat of the sun during the summer it 
seems certain that only a few find protection and eventually produce 
adults. Certainly those not finding suitable protection from the sun’s 
heat die within a short time. On black loam at a mean temperature 
of 122.9° F., 8 to 12 minute exposures caused 100 per cent mortality. 
Yet some larvee seem to withstand even higher temperatures, for 
adults were produced after having been exposed from 5 to 17 minutes 
at a mean of 129° F. Pupe, being unable to accommodate themselves 
by moving for protection, seem to be very susceptible to heat. Ex- 
posures of from 30 to 137 minutes at 116.6° F. were sufficient to 
render them inviable. 

The heat generated in a manure pile produced greater mortality 
upon larvee than ordinarily would be expected. Larvee buried with- 
out protection at a mean temperature of 151.7° F. were dead within 
15 minutes, having become soft and white. 


EFFECT OF SUBMERGENCE ON LARVA AND PUPZ. 


Although, as shown in Table III, excess moisture seems to have 
had a destructive effect upon pupe, the effect of submergence upon 
larvee is not so great. Larvee submerged 51 to 74 hours pupated and 
produced adults. (See Table V.) Larve submerged for 80 hours 
pupated, but failed to emerge when kept under favorable breeding 
conditions. While it is difficult to submerge pupe, as they float and 
expose a portion of the posterior spiracles, three normal ones kept in 
water for 5 days failed to emerge. In view of the results in Table 
II, it is apparent that great mortality occurs among pupe during 
wet seasons, 


TaBLE V.—Effect of submergence on larve and pupe of Gastrophilus haemor- 
rhoidalis at Aberdeen, S. Dak., 1915-16. 


| Larval Temperature after 
lon- period of 
| gevity, submergence. 

Date | | Num- | 4 quits | include | Collee- 

sub- Stage. Pan Eenlod d Dene emerged,| ing fon to 
merged. | | a SUN OMT ANC ea “| (male.) | period serge! 

; Soe | 
| esp Max. Min. Mean. 
gence. 

1915. OU OB altered th CIR 
July 5..| Larve... 6 85 | 41 63. 93 
Til 1452\ doeeee 3 85 41 64. 21 

DOs) COs ses 3 85} 41 62. 95 
uly, 245°| doves 5 s0| 40] 58.14 
July 2..| Pup... 3 s2| 40) 59.40 

1916. | 

June 7..) Larve.. 9 76 43 64. 83 

Done doses 5 j aeecO 43 64. 83 
July 12.. Goezeee BW |e eeG ays a's Neca Fists wc ayes esl oie ee chill easeise Bie | 96 64 76. 50 
DO-s4]| COS Sse || QO IMOWS-ocacososase Gl sreraise Be coe | 96] 64 75. 90 
Dowel dose BaarG Ayes suecce Get tas eee eee (jal Sree | 96 | 64| 76.50 
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Larvee have been observed to remain alive during submergence for 
from 14 to 20 days; those submerged 6 and 7 days live for some few 
days aiter removal. 


NATURAL CONTROL. 


FUNGUS DEVELOPMENT. 


Under conditions the same as those upon which adults were reared 
in Table II apparently two species of fungi developed upon living 
material. The first mentioned in Table VI occurred upon three larve, 
to one of which a particle of horse manure adhered. They were 
collected from the rectum oi perspiring horses, and it appeared that 
the fungus developed from the manure and spread to the larve and 
pupe. The larve giving promise of fungus development were 
placed in a clean tin pill box with three well-washed G. Aaemor- 
rhoidalis larve, which had been exposed to the air at the anus of a 
horse for about 24 hours preceding the washing. The fungus de- 
veloped upon ail the larve and death ensued. This fungus was 
determined by Mrs. Flora W. Patterson, Mycologist of the Bureau 
of Plant Industry, as Sporotrichum minutum. This, with one ex- 
ception, was the only lot in which fungi appeared on living larve. 
As this fungus had developed upon larve collected from perspiring 
horses, if seemed possible that such larve as were not washed might 
have developed a superficial growth. Later. collections were made 
from work animals which were perspiring during the time of collec- 
tion, and they were kept under similar conditions, but no fungus ap- 
peared. In collections of larve kept under normal rearing condi- 
tions, as given in Table VI, a fungus appeared on the pupa stages 
which apparently spread to other pupe in the same lot. In some lots 
pup remained without becoming infected, but in others it even 
developed upon various parts of the tin boxes. The collections and 
rearing methods used in these experiments were not unlike those in 
which no fungus appeared, as new, clean, but unsterilized tin boxes 
were used in each breeding experiment, and sterilized forceps were 
used in handling. The soil or medium was different in the various 
boxes, but since these various conditions were also present in lots 
which developed no fungi, there appears to be no reason for attrib- 
uting it to the type of soil or to the medium. Upon the pupz it 
appeared within from 3 to 17 days after collection. 
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TasLeE VI.—Fungus development upon pupe of Gastrophilus haemorrhoidalis 
in new tin boxes at Aberdeen, S. Dak., 1915-16. 


3 3 |g |Number| Adults | Temperature 
2 3 < || & |infected. emerged g 
Tavs m a Z Sls emergence. 
: a £ i) es 
from (Collection and environment. 3 Bi 5 ma Ie 
tectum. A a a S| = a é : 
2 5 ey NS GS AS ine Sh Ale a 
a |FIB/a)/ale/eis% a 
B A 3 ala|/SBi/a}/S)/o/s8 2 
(a & & |HIAI/AlAlalel/alia] = 
1915. f Hours.| 1915. | Days. GH oa SoSH 
June 111 | From perspiring horses. -- .|79-220 | June 15 | 34-36] 13 | 10/10} 3) 2} 2/| 88) 40 | 65.54 
Tune soy eset Once seem en ae tk a, ee 75 | June 30} 35-38] 10] 10) 10)....| 5] 1) 88) 40 | 64.66 
phate) Wiles ofa Oe Seen Sra eae 20-219 | June 25 | 30-32 | 34 | 29 | 29 5 a 6 | 85 | 41 | 63. 88 
July 6 | With fresh horse manure. -| 6-25 | July 13 Sy RAW BY DB leseel! Tl oseayp tH) yy Zab Ih (es, fale 
Do...| From perspiring horse .-.-- OR Aline ene SS aes TP s| yx Or Leer Ee he eects ees jose eens 
July 7 3] 3 1| 1] 85 | 41 | 62.12 
July 10 40 | 40 |. 14 | 11 | 85 | 41 | 64.32 
July 13 A Zh}. 1| 1] 85) 41 | 64.43 
1916. 
May 172 WA OF ee eo lakes 
June 22 1S, L1G | ee | ee Ae eres ee 
June 5 2 2 0| O! 76} 42 | 59.14 
Do.?..| With moist sand @\ se Saen| seme 
June 92 TO Oe Seals hea eeoe Nese enero least a 
June 24 | 59 | 59 24 | 15 | 96 | 48 | 74.67 
June 262 17 | 16 bre Bees wonnes 
June 27 | 13 | 12 |. 4| 6| 96) 56 | 75.73 
July 1) 4| 4]. 1 | 96 | 58 | 77.07 
July 182, With moist sand 1D {2 | Bopae ee te Se 
July 24) | 18 | 18 5 | 3/| 98| 51} 70.19 
! | 


1 Determined by Mrs. Flora W. Patterson as Sporotrichum minutum. 
2 Determined by Dr. A. T. Speare. 


Except the collection on May 17, 1916, larvee were not washed. 


od 


Several lots were sent to Dr. A. T. Speare, Mycoentomologist of 
the Bureau of Entomology, who made cultures and determined the 
characters showing that all the infestations were of one species and 
were not Sporotrichum. 

According to Dr. Speare about 50 per cent of the pupe sent to him 
produced adults. He reported that the fungus seemed to be restricted 
in its development to the chitinous wall of the puparium, and that 
death, if caused by the fungus, must have been brought about in some 
unusual way, as, for example, by closing the spiracles. However, 
the fungus seems to develop best at the rings of the segments and is 
seldom observed upon the posterior spiracles. 

In Table IV it will be observed that a fungus appeared upon pupe 
which had been subjected to heat tests, and this was apparently the 
same as has been observed in other experiments. A comparison of 
results and mortalities due to the fungi indicates that there is little 
hope of controlling the Gastrophilus by encouraging natural develop- 
ment of the fungus. Eighteen lots containing 283 larve produced 259 
pupee, of which 247 became infected with fungus in rearing experi- 
ments. Twelve of the lots, containing 194 pups, were retained for 
observations on mortality. Of these, 64 males and 47 females. 
emerged as normal adults, giving 57 per cent emergence. The adults 


GASTROPHILUS HAEMORRHOIDALIS AND OTHER BOTS. 25 


possessed a normal longevity as compared with others in rearing 
experiments. 

The above percentage of mortality is based upon those experiments 
in which the fungus occurred. As there seems to be no reason for 
attributing the fungus to soil or media it is well to base this per- 
centage upon all experiments in tin boxes and where pupe were in 
close proximity. In Tables II and VI, 630 larvee produced 578 pup. 
Of these 247, or approximately 43 per cent, developed a fungus. Of 
the ones kept under observation 57 per cent emerged, so that only 43 
per cent of the infected pupe were rendered inviable; 43 per cent 
of 43 per cent would approximate 18.5 per cent, or the percentage of 
loss in rearing experiments where numbers were kept in close prox- 
imity, which probably allowed the infection to spread over indi- 
vidual lots. 

In Table ITT it is shown that no infected pupe were found, and 
should a fungus develop in such conditions the single location of 
pupe would prevent its spreading. This fungus has never been ob- 
served upon normal G@. intestinalis or G. nasalis, though with dead 
jarve of any Gastrophilus a long growth of fungus quite different 
from that met upon living G. haemorrhoidalis pup is frequently 
found. 

PREDATORS AND PARASITES. 


The dropping of larve under varying conditions and in locations 
where they do not pupate in close proximity renders the situation 
such that very little could be expected of predators and parasites in 
control. In rearing experiments some field mice devoured pupz 
on grass sod, but even though they feed upon these in nature it 
is not lkely that a great many are devoured. Chickens probably do 
not feed upon many larve when they drop, though a single hen has 
been known to devour about 40 dead G. intestinalis removed from a 
horse by a carbon disulphid treatment, and without any noticeable ill 
effects upon the chicken. 

Desiring to know if the widely distributed Nasonia brevicornis, 
which parasitizes various species of dipterous pups, could be reared 
upon G. haemorrhoidalis pupe, repeated efforts were made, but with- 
out success. The indications are that the flycatchers feed very little 
upon Gastrophilus adults. On account of the danger in shooting 
such birds in pastures very few examinations of stomachs have been 


made. 
LIFE-HISTORY NOTES. 


ADULT LONGEVITY. 


The life of adults appeared so short at the beginning of expevi- 
ments that it was attributed to abnormal conditions, but various cages 
and environments did not materially increase the periods. <A total of 
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254 males and 184 females were used in the experiments. All of 
these emerged normally from reared material. While some adults 
died on the first and second days the maximum longevity was 7 days. 
The greater periods were always obtained when the cages were kept 
out of the bright sunlight and provided with more or less foliage to 
prevent adults from battering themselves against the sides of the 
cage. Twenty-seven males and 15 females liberated in the insectary 
(9 by 12 by 7 feet) died within 1 to 3 days and were found dead 
at a sunny exposure with the wings battered. Cages admitting a 
great amount of hght and without foliage yielded similar periods of 
longevity. 

Adults in screen cages 18 by 18 by 18 inches or in a parasite- 
rearing box (covered on two sides with glass and arm holes in the 
ends) usually died within 3 days. This longevity was slightly ex- 
tended when green twigs were frequently replenished. 

The longest periods were obtained in wooden boxes 4 by 4 by 6 
inches half filled with moist soil and provided with a green twig 
and a glass cover. This lessened adult activity, and from the 51 
longevity experiments it was observed that the greater periods were 
always accompanied with the least activity, while the converse was 
also true. hese wooden boxes placed in the shade admitted enough 
light to permit of activity and flies were often observed to fly about — 
with the head near the glass and would alight on the green twigs 
and rest. The usual longevity under such conditions ranged from 
3 to 6 days. Some adults captured in nature were kept under simi- 
lar conditions and lived from 38 to 5 days. 

Various flowers were supplied as food for the adults, but in no 
case was feeding observed. Sweepings were also made from flowers 
blooming in pastures and from alfalfa in bloom, but adults were 
never captured under such conditions. 


ADULT HABITS. 


Adult flies in cages copulate most frequently about noon, the 
duration of the act ranging from 3 and 4 to 15 minutes. During the 
act the flies usually remain quiet, except for the distinct abdominal 
movements of the male. The male usually breaks from the female, 
leaving her at the place of copulation, but within a few minutes may 
be observed to return. One pair has been observed to copulate as 
many as four times within an hour. Males will mate with a freshly 
emerged female before her wings are dry, properly unfolded, or the 
body of a normal color. In nature the one object of the male seems 
to be copulation, and that of the female oviposition. Buzzing in 
midair about the horse the male may be easily caught with the hand. 
A female is only observed buzzing at a standstill in midair when 
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a horse is grazing or otherwise protected from ovipositions. She 
usually comes from a distance and strikes at the lips. Her quick 
fiight seems to be distinguished by the male, who attempts to mount 
her before she oviposits, but the momentum of the two usually carries 
the couple to some distant place so quickly that one can not tell 
whether copulation actually takes place upon the wing or whether 
they fall tothe ground. At any rate, they fly for some distance. Ap- 
parently the sexes always meet at the horse, the males awaiting the 
approach of the females. At times the male encounters an adult 
female of G. intestinalis about the horse, and these two may be ob- 
served to fall upon the grass at the feet of the horse, usually separat- 
ing within a few seconds. 


PREOVIPOSITION PERIOD AND OVIPOSITIONS. 


Just how soon after emergence copulation takes place is not 
definitely known, but it is certainly less than 18 hours. Adults 
emerging during the night copulate by noon of the following day 
and will oviposit during that afternoon. They will not oviposit in 
captivity. On five occasions in which flies emerged normally during 
the night, males and females were kept in a box with glass sides and 
with green foliage. By noon in each case some were observed to 
copulate and when;liberated in the afternoon would oviposit. Their 
wings were colored with red ink, and when captured they could be 
identified easily. Wnder favorable conditions ovipositions took place 
as soon as adults were liberated, usually about 3 hours after copula- 
tion. After a lapse of a few minutes they were never to be col- 
lected about the same bunch of horses, which is probably due to the 
migration of adults and to the movements of the various horses upon 
which they oviposit. 

A determination of the egg-laying period is important in that it 
shows the value of destroying adults at different times during this 
stage, but with such short precviposition and longevity periods and 
the inability of flies to feed, the indication is that the flies oviposit 
throughout their existence. Dissections of females reared to adults 
indicate that they develop from 134 to 167 eggs, the usual number 
possibly being near 150. 

Unlike G. intestinalis, which may stand in midair and consecu- 
tively deposit 15 or 20 eggs at one time, often placing two or more 
upon one hair, G': haemorrhoidalis deposits but one at a time and 
only one upon ahair. It leaves the animal for about one-half minute 
or longer after ovipositing, but not for so long a time as does 
G. nasalis. It never oviposits upon any other portion except the 
lips, preferably the portions moistened by saliva. The stalk portion 
of the egg is inserted in the pore of the skin at varying depths, but 
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the stalk hag never been observed to be inserted for its full length. 
Often it extends to such a slight depth that after a few days the egg 
may be found lying lengthwise upon the lips, yet firmly attached to 
the hair. The color, a jet black, so conceals the attachment to the 
transparent hair that it appears that the hair extends through the 
center of the stalk portion and through a portion of the side of the 
egg. The extreme point, however, shows a folding about the hair 
which may be attributed to the pressure when it is inserted in the 
pore of the skin. Above the stalk portion the hair is attached to 
the side of the chamber containing the larva in a similar manner to 
the attachment of other Gastrophilus eggs upon the hair. 


INCUBATION AND INGRESS OF LARVA. 


Having observed eggs upon both moist and dry portions of the 
lips of horses, large numbers in various stages of incubation were 
removed and placed in tubes for observation. About 100 were kept 
in a test tube, with a moist cotton stopper, at the air temperature 
of a living room. While a variation in color was at first observed, 
ranging from a black to a reddish color, after a few days the major- 
ity were of a reddish brown. Some were placed upon a slide and 
moistened, then by the use of two dissecting needles dead larve were 
removed. No larve had hatched of their own accord, but emerged 
when subjected to moisture and friction. In similar tubes which 
were kept dry three lots of eggs varying in color were observed and 
not a single larva hatched. 

Examinations of the inside of horses’ lips revealed numerous holes 
accompanied by much soreness which appeared as though the young 
larvee hatched and had burrowed through the lips. Upon dissec- 
tions in post-mortem examinations it was disclosed that the injury 
was caused by “wild barley” or “foxtail grass.” This grass was 
determined by the Bureau of Plant Industry as Hordeum jubatum. 
Its injuries are more noticeable upon lips of livery horses when fed 
hay containing this grass. as pastured animals avoid eating it and 
the injury is less noticeable. It is worthy of note that this grass, 
in addition to its injury upon lips of horses, serves as a winter host 
of the black rust which is so destructive to wheat in the Dakotas. 

On August 24, 1915, a suckling colt, its mother (a crippled horse) 
and another horse were carefully freed of eggs. Twenty-four hours 
later a diagram was made showing the exact location of each ege 
deposited during this time. Upon the following three days it was 
too cloudy for other adults to oviposit, so the horses were not kept 
in a barn to prevent further ovipositions, but were left to graze in 
the pasture. This allowed ample time for development of the 
embryo and of a distinguishing brownish-red color which greatly 
aided in keeping track of the eggs. 
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Upon the suckling colt the first egg disappeared upon the ninth 
day; the eleventh day, two; the thirteenth, five; and the fourteenth, 
six. Five other eggs about 1 inch from the mucous membrane and 
upon the dry portions yielded dead larve when examined. 

Upon the lips of the cripple horse and within 1 inch of the mucous 
membrane 15 eggs were deposited. The first 6 eggs disappeared 
upon the seventh day from near the corners of the mouth. The last 
egg disappeared upon the eighteenth day. 

The normal horse in grazing received 14 eggs within 1 inch from 
the mucous membrane. Upon the sixth day 10 eggs disappeared 
from near the corners of the mouth, which was probably five days 
from deposition. The other 4 disappeared during the following 
three days. 

The striking feature of the above three cases is that those eggs 
deposited where they received most moisture and friction were the 
first to disappear. Prior to disappearance, the color changes, being 
first brownish, then a brownish red, finally with a whitish tip, thus 
clearly indicating embryonic development. It is also clearly seen 
that the amount of grazing affects the incubation, as the normal 
horse grazed practically the whole time, the cripple only at times, 
while the suckling colt was not observed to graze. There were no 
indications that the larve burrowed into the lips, and as well-incu- 
bated eggs have produced larve under moisture and friction when 
removed, it is certain that the method of ingress of larve into the 
host is not unlike that of G. intestinalis. It is true that eggshells 
were never found attached to the hairs after the larve had emerged, 
but it is believed the moisture and friction are sufficient to remove 
these after the larve leave the eggs and enter with the food. 

Incubation records are not confined to the above three cases. 
Upon August 24, 1915, one other animal was freed of eggs and 
allowed to receive depositions during 24 hours. Upon the moist 
portions of the lips 17 eggs were found, while 6 were deposited 
upon the dry portions 1 inch from the mucous membranes. Separate 
notes give a comparative idea of the incubation. Upon the sixth 
day, probably 5 days from deposition, 4 eggs disappeared from the 
moist portions and others disappeared the following day. Upon 
the dry portions all were present upon the twelfth day. Three of 
these when removed contained dead forms and the other 3 disap- 
peared from the eighteenth to the twenty-third day. 

The day of oviposition in the above cases was favorably followed 
by three cloudy days, which prevented other ovipositions. The de- 
velopment of the embryo in eggs upon moist portions was quite in 
contrast to those upon the dry portions, showing clearly the necessity 
of moisture and friction. Such observations indicated that those 


30 BULLETIN 597, U. S. DEPARTMENT OF AGRICULTURE. 


eggs upon the moist portions incubated in from 5 days to a slightly 
longer period. 

September 9 was preceded by two unfavorable days for oviposition 
and was itself very favorable, but was followed by rain and cloudy 
weather until September 15. At this time black eggs were found 
upon the dry portions of the lips, while upon the moist portions 
the eggs were reddish with whitish tips. Due to the scarcity of 
adults, the eggs were not plentiful at this time, and a few days 
later one only could be found, upon the dry portions of the lips. 

Due to the comparatively long period during which the eggs re- 
main attached upon the dry portions of the lips of horses, which is 
particularly due to the protection of the thick, coarse hairs surround- 
ing them, it is believed that one could be misled easily as to the 
most favorable places of deposition of the adults. 


GASTROPHILUS NASALIS (Linnaeus). 


SYNONYMY. 


Oestrus nasalis Linnaeus, 1761. 

Oestrus veterinus Clark, 1797. 

Oestrus salutiferus Clark, 1815. 

Oestrus clarkii Leach, 1817. 

Gastrus nasalis Meigen, 1824. = 
Oestrus duodenalis Schwab, 1840. 

Gastrophilus nasalis Schiner, 1861. 


OVIPOSITIONS AND LONGEVITY. 


The female Gastrophilus nasalis often appears from the grass 
about the fore legs of a grazing animal, strikes under the jaws, re- 
mains a few seconds, and during that time deposits an egg about 
midway upon the hair. The adult then leaves, completely disap- 
pearing in the distance, but within a minute or two a similar oviposi- 
tion may occur, except that the adult approaches from a distance. 
The presence of a person about the head of an animal does not inter- 
fere with egg deposition, and the fly may be caught with the hand 
when it alights upon the hairs underneath the jaws. It may also 
be observed to deposit upon the fore legs or the flanks. Dissections 
of the abdomen of reared females show that they are capable of 
depositing from 480 to 518 eggs. The attachment of these, as may 
be seen by referring to figure 3, c, extends to almost the entire length 
of the egg, and being attached about midway upon the hair, numbers 
are concealed unless the hair is brushed aside in making examina- 
tions. Often eggs may be observed near the end of the hairs, but 
this usually occurs after great numbers have been deposited. Then 
it is possible to find two or more eggs upon one hair. As yet the 
method of ingress of the larve has not been determined. Dr. C. H. 
T. Townsend thinks that the larve burrow threugh into the mouth 
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and are swallowed. One author believes that a horse in eating will 
rub the jaws upon the manger, which hatches the eggs, and that they 
are taken into the mouth with the food. The fact that some eggs are 
deposited upon the fore legs and portions accessible to the mouth 
indicates that the ingress of larvee may be similar to that of G. intes- 
tinalis. 

Longevity in this species seems to be increased over that of 
G. haemorrhoidalis, as one reared adult kept under conditions similar 
to those of the nose fly lived for 12 days. 


LARVA AND PUPA STAGES. 


Coincidentally with the appearance of G. haemorrhoidalis at the 
anus of horses, the larvee of G. nasalis occasionally may be observed 
to pass normally from horses and be found in their droppings. This 
normally occurs when larve become fully developed and is often 
attributed by farmers to “a destructive effect of grass upon the bots.” 

These larve seldom migrate a great distance, and apparently only 
burrow under the droppings for protection. Larve which dropped 
normally pupated in from 14 to 2 days, though the prepupal periods 
in some cases in which larve were removed in autopsies and cited in 
Table VII extended for 7 days. It was observed that the short pupal 
periods were preceded by long prepupal ones, and that larve pupat- 
ing within 2 days after dropping emerged in from 42 to 45 days. 
At Victoria, Tex., Mr. J. D. Mitchell collected a larva under manure, 
which pupated October 6, 1914, and emerged 20 days later. To 
rear larve collected in autopsies is a difficult task, even though they 
are well developed and appear normal, but during the late summer 
a small percentage may be reared if they are collected from horses 
immediately after death. The larve removed from dead animals 
are capable of remaining alive and active for some time, some having 
been kept as long as 25 days. Some larve have been observed to 
live submerged in water for 12 days. 


Taste VII.—Pupal periods of Gastrophilus nasalis, Aberdeen, S. Dak., 1915-16. 
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1 Horse treated with carbon disulphid. 
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GASTROPHILUS INTESTINALIS (DeGeer). 
SYNONYMY. 


Oestrus bovis Linnaeus, 1761. 

Oestrus intestinalis De Geer, 1776. 
Oestrus equi Clark, 1797. 

Gastrophilus equi Leach, 1817. 
Gastrus equi Meigen. 1824. 

Oestrus gastricus major Schwab, 1840. 


-OVIPOSITIONS AND LONGEVITY. 


The universal distribution of the common bot-fly, the familiarity 
of innumerable persons with its oviposition habits, and the numerous 
publications dealing more particularly with ovipositions and ingress 
of the larvee into the host since Bracy Clark (1797), leave little to be 
desired. It is probable that there is no other insect whose eggs come 
so directly under the observation of farmers as does the common bot- 
fly. The common names of this Gastrophilus vary with the locality, 
but farmers are usually aware of the fact that this insect produces the 
bots in horses. 

Some authors contend that the eggs are deposited upon those 
places most accessible to the horse’s mouth, while others hold that 
the fly will deposit upon any portion where it is not disturbed. 
Tt has always been observed that these flies give preference to the 
forelegs, and, after these have become well covered with eggs, depo- 
sitions occur at other points where the fly is not disturbed by the 
horse’s tail. Very few eggs are deposited upon the hind legs or upon 
the backs of the animals, but when adult flies are in numbers the 
mane may become heavily infested, especially near the shoulder. 
Large numbers of eggs may be found upon the sides of the animals, 
and these are concentrated at points accessible to the mouth, as in 
cases of depositions upon the inside of the forelegs. It seems that 
the fly oviposits on the forelegs instinctively. and, after the legs 
secome heavily infested, adults may be observed to deposit one or 
two eggs on them and then seek other portions of the body. At times 
two or more eggs may be found upon a single hair on the inside of the 
forelegs, but seldom has this been noted upon other portions. How- 
ever, the length of the mane often permits adults to deposit large 
numbers upon a single hair. With the exception of the forelegs, the 
sides below and to the rear of the shoulder blades probably harbor 
most eggs. 

The longevity of 14 reared adults in 9 tests, in which the flies 
were kept under conditions similar to those employed in rearing G. 
haemorrhoidalis varied from 7 to 21 days. The longer periods oc- 
curred during early fall, when lower temperatures were experienced. 
These adults, like those of other species of Gastrophilus, were never 
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observed feeding upon flowers, but green twigs were favorable resting 
places in rearing cages. 
_A female taken while ovipositing was placed within a tube contain- 
ing a male, and they were observed to copulate for 5 minutes. 
Dissections.of 5 females showed the following egg capacity: Maxi- 
mum, 770; minimum, 397; average, 541. 


INCUBATION AND INGRESS OF LARV. 


While making observations in pastures, on four occasions large 
numbers of eggs were collected which had been deposited upon the 
author’s horse. The eggs were kept in tubes at air temperatures of a 
living room and none hatched without friction and moisture. By 
placing the infested hair upon a microscope slide and moistening it 
the larve were most easily removed by rubbing the lot with a dis- 
secting needle. In such tests the eggs remained attached to the hair, 
while the operculum was removed, allowing the larva to emerge. 
Very good results were also obtained by rubbing a moistened finger 
over the lot. When eggs were less than 7 days old it was found diffi- 
cult to obtain living larve, though at 9 and 11 days active larve were 
removed. When they were slightly older than 11 days they emerged 
without difficulty when attended by moisture and friction, and one 
living larva was found as late as the forty-eighth day. This seemed 
to be an exception, as in the other lots all were dead after 40 days. 
In general, all experiments tended to confirm those of Osborn. Ac- 
cording to Guyot, with various lots placed in paper bags and kept 
in a pasteboard box at room temperatures, some emerged without 
moisture and friction. On December 28, 1900, Guyot obtained 
quite agile larve as late as 96 days after collection of the eggs. 
In another case, with eggs collected on October 6, he succeeded 
in obtaining larve from January 7 to 13 following, a period of 92 
to 98 days. Due to this fact, Guyot concludes that the larve are 
capable of withstanding comparatively low temperatures after the 
egos have been removed from the host. From eggs collected on 


(=) . 
horses in the open, active larvee were removed as late as December 1. 


LARVA STAGES. 


The attachment of young larve frequently occurs in almost any 
part of the stomach, but, as has been previously stated, they are 
found as fourth-stage larvee upon the mucosa of the stomach, more 
especially on the left sac. If living larve are removed from an 
animal during a post-mortem examination a great tendency for re- 
attachment will be observed. During such examinations they have 
been frequently separated into lots according to species, and in a short 
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time they would attach to a piece of paper or stomach section or even 
to one another. This is only a temporary attachment, however, and 
apparently no attempt at feeding takes place. 

The studies of Brauer, Numan, and Guyot indicate that the larvee 
molt during their development and that there are at least three 
stages. No experiments have been reported as to the exact time that 
Jarve remain within the body of the horse, although apparently they 
spend about 10 months in this parasitic stage. On some occasions, 
as will be observed in Table I, well-developed larvee were disclosed on 
post-mortem examinations in early fall. The indications are that 
some larve are not sufficiently developed to pass out in time to pro- 
duce adults and that they succumb to low temperatures. There are 
various factors that apparently tend to influence the extension of lar- 
val periods. When gross infestations occur the development is 
markedly slower than in those horses containing only a few larvee. 
Laxative foods have a greater tendency to discharge well-developed 
larvee than foods of a non-laxative nature, as is observed in comparing 
autopsies of livery and pastured animals. Since there is such a wide 
range of variation in the ages of larve within the eggs at which they 
are capable of being ingested it is possible that this may tend to 
prolong the period during which the last-stage larvee drop. - 


SUBMERGENCE OF LARVA. 


Last-stage larvee removed from horses immediately after death 
remained alive and active from 21 to 33 days when submerged in 
water, but when submerged for only 6 days they would not attempt 
pupation. These periods are considerably decreased if larvee are 
not removed shortly after the death of the animal. 


PUPA PERIODS. 


The larve drop naturally with manure, burrow only enough for 
protection, and normally pupate within a day or two. The periods 
of dropping extend over a long time and very few larve are 
found in droppings. It is a difficult matter to rear larve taken 
in post-mortem examinations, and this is best undertaken in the late 
summer or early autumn, when the greatest number of larve are 
fully developed. With such larvee, used in the experiments, the pu- 
pa periods have been observed to vary from 27 to 43 days, with an 
average of 38 days. 


EFFECT OF DEATH OF HOST UPON GASTROPHILUS LARVA. 


The resistance of larvee and the death of horses from infectious 
diseases naturally suggest the fate of larva during the period when 
they normally drop. In experiments larve were not kept with the 
animals during the decay, but were removed in autopsies, separated 
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according to species, and placed under favorable rearing conditions. 
Tt is evident that larve within the stomach and duodenum are not 
capable of withstanding the internal processes which accompany 
the decomposition of animal tissues, especially during warm periods. 
There is excessive gas formation with the breaking down of the tis- 
sues, and the larve apparently become asphyxiated, since they are 
found bloated and when crushed become flat. During cool periods 
larvee are affected very little for a number of hours, and in stated 
cases as long as 30 and 48 hours after death of the host larve have 
been reared to adults. Low temperatures hold back that period of 
decay in the carcass which normally would cause the death of larvee. 

From post-mortem examinations, as will be seen in Table I, 
G. haemorrhoidalis larvee are seldom found in the rectum. In all 
probability they drop shortly after death, and during the normal 
period of dropping are capable of producing adults. 


CONTROL STUDIES. 


REMOVAL OF G. HAEMORRHOIDALIS LARVA FROM RECTUM. 


The effectiveness of the extraction of Hypoderma larvee as advocated 
by various authors suggests a mechanical removal of G. haemorr- 
hoidalis larve. While they appear at the margin of the anus daily, 
studies show that they remain visibly attached from 40 to 71 hours. 
This would necessitate much work during a busy season with farm- 
ers, but extractions at feeding time would greatly reduce the number 
in work animals. In practice this periodical detaching caused much 
discomfort and soreness about the anus. 

The attachment of clusters of larve within the rectum and the 
recommendation of tobacco decoctions, by the Bureau of Animal 
Industry (1911), for larve lodged in the rectums of horses, indi- 
cated the need of information as to the effect, on this species of 
Gastrophilus, of substances used as enemas. This necessarily re- 
quired a detailed study of the effects of various substances upon 
larvee, and these are reported in Table VIII. 


725 °° QATIOVUT “"soqnurw Op | -10y8M pue ‘deos ‘tdoyos0p yo ‘joy, ydeu Bog 


PERO SELON 


2 Se ODA tian Monee ae soynutur % j7 77 teeta Sicicini since sisie'oie SOD sos (iG 
ODEs ss kate sees NMG qd. 7p POPPER aSesaacion oye ydins ourzooru 4U090 10d Fe | g 
Desc ee se sea soqnuru ¢ G 
(0) EROS RS Bar soqnuUrM Z G 
OUOND Esse ces o4NUTUL T G 
(0) Oo > OS aio “So|NUTUL F ¥ 
leona OAR 4J0S “7 * *SoqnUrUL Z € 
ODE ta |e ee Fes “soqnunM 7% a 
(6) Og is ater ae SojnUIU Z € 
OD i a RE Sse ae “soqnUIu F ¥ 
29J0OC1IUOD)|| seas snes pee ODF saab lise yseg aoe See ar g 
OP macys | eeaeen se Salas so{nuUtUl ¢ c 
OD ak ca Pa oe ees SoqnUTU Z g 
ouoNy hat oe ts eo at 9JNUTUL I G 
COATS UOT | een Sinoy Pp 9 
BOC EO OOO ag ; -"SoqNUTU 0% g 
O Die aie ee ogee Soqnurulr cL $ 
ee ee soqnumu QE |ortctttcto Seecaeos tteceereressssopsees-| g 
Ops aes Pe es SOYNUTUL G |--- 777 z Spoueyd 4000 Jed ¢F'0 ‘toser9 | 9 
~-poddip pue 10f103S0g J--7 7-0 z Spoueyd 4u0e0 rod ge'T ‘foserp | F 
Sogo cieiels SOM MUNOZ) ||| = = sees se sane tas tern g ae ee OULZUeCOMgTNi ! G 
PRBPSESSSSCOOGUD zSjousyd 4u00 10d g¢'T ‘foserp | ¢ 
Bop ollo os z spoueyd 4ue0 sed 1 °% ‘fose19 | 9 
HoHSEAaneeacnoMeRcosBerd ss op'--""| @ 
DD COC ae aoe Sed OUIZUVqOIZIN | 9 
po ees [isc Taha Shake Gees SNES is oles sis siniele o7eydyns eurzOOIN | OT 
SOPMUTCU Gal igen = seen suey toa eyes eee a es Coan aie nese. op--"~- GS 
SHED SOO S008 “*-@ATPOVUT |° “poddrp puo 1op1oysog |*-- 777-777-7777 plow olfoqreo 4ue0 aed OT | ¢ 
pelea Gs iags poqoeryuoy |*****-° ">" >> -soqnurur g > -- 7777777 plow OTToquwo yUed Jed ¢ | F 
Dipped ala velelate oie ici eae | seein eC ye shep $% |--- 777777 Uysoa pur ‘10yem “dvos 184 4J09 | f 
SoS OBrBOGOOSOcOGORC AS bQes coo dGHOOKhaeS SACP Z foc 10878 pus e10qe[foH | 3 
S 
g 
c 
g 
S 
S 
g 
¢ 
g 


BULLETIN 597, U. S. DEPARTMENT OF AGRICULTURE. 


36 


77757" poqQowIpUO() | “"So9MUTUI 9G |" - >> >>> 7 - "7" " ploB OL10d MOTANIOS poyeinyes 
Sap tehess OP foc r crt tts Isr pue “VJos ‘deos 18,1, 
veces eee eee SOMUTUL P| -5-5 >> 9-52 esses aes =e es 2470S ‘eosiiei, 
So See hmiojaual (1 SMgaKOw) (e) [> VO OH OBO HOC O SIH I oKs ploe o1foq.aeo yUe0 10d OT 
tore sete eee smoy @ |- 77°77 77777777777, XBIOG MOTANTOS poeyeinyeg 
z Seo aetacny | lparamr: ani yo Syed BoLae eae Ov eel eeoese pereeotion syooH |7-**77 7777 SQQIUTEC, Oe iacseeen assoc rn RIES Meare oa Jesus eoulessy 
z to | ape = h@se Gs fo oipseesbencc Oa ste | Foe euou Ajyuoreddy |-- ~~~ SoqNUIUl OT NOY T | -- 7 sores" -BIssenb oinjouLL 
shoqg 
“queuL 
‘q[eula | “OVW : d *enr aren *BAIB] 
; Porto ] peory . "9 
porszed - d perp , BAIT UO -gmsodx *SOPIOL}OOSUT 408100 jo 
win | TNE | re (ayeetuoy| PT | ststo oerpommen : en aon BIEN 
‘goueS 10 UIA [ASSET 


“OI-GI6L “YW °K ‘uaapsaqy 


¢ 


sapwoypoasun jonjwoo yyun ‘sassoy fo sunjoas Wo BAUD) SYMpLoyLLoUanY snpiydousnH fo yuaUwI4T, —TITA ATAVL, 


37 


GASTROPHILUS HAEMORRHOIDALIS AND OTHER BOTS. 


‘deos UIso1 Ul popmedsns [0selp z 


“e0UDSIOMIGNS OFNUIM-NT WOT 4000 ON 1 


SoqNUTM 0% 


See sss-op:7cc'l| ¢ 
Peet ae eee rae OD op’ | F 
pe oe ears ee aia op" | F 
acti aeeey hte Tor: Ay (ory 
cicisot ee ae ol eee (oy On 


ayeydns eutyooru yue0 tod fT | ¢ 
ejeydins ouljooru quod sed $¢ | ¢ 


38 BULLETIN 597, U. S. DEPARTMENT OF AGRICULTURE, 


Some of the tenicides and larvicides which have been successfully 
used upon insects, as well as soapy enemas, were tested upon detached 
larvee in tin boxes. As with other Gastrophilus larve, remarkable 
resistance was noted. It will be observed that negative results were 
obtained by using the common tenicides, that soap solutions seemed 
more effective, and that nicotine sulphate gave good results. 


LARVAL TREATMENTS. 


Experimenters have been impressed with the resistance of Gastro- 
philus larve to various contact substances, and it is practically 
agreed that any contact substance capable of killing the larva would 
seriously injure the stomach membranes of the horse. The internal 
method for use must necessarily be in the form of a fumigant. The 
use of carbon disulphid internally, as brought out by Perroncito and 
Bosso, has been tried and indorsed by many veterinarians. A list of 
indorsements from many countries can be found in articles dealing 
with this subject. Originally the disulphid was administered in 
12-gram capsules surrounded by aloes, the whole contained in 48- 
gram gelatine capsules. In the hands of various workers it has been 
subjected to modifications, but each reports that large numbers of 
larvee pass as a result of the treatment, and some remark upon the 
beneficial effects of the removal of larvee upon the animal. 

The Bureau of Animal Industry, after employing this treatment 
upon a number of horses, recommends the following procedure: 

The day preceding the treatment a small amount of hay and a moderate 
amount of oats is given in the morning; in the evening food is withheld and a 
purgative given—Barbados aloes 1 ounce, or raw linseed oil 1 pint. The day of 
the treatment, at 6 o’clock in the morning, give 3 drams of carbon disulphid in 
a gelatin capsule; at 7 o’clock repeat the dose in the same manner; and at 
8 o’clock give the third and last dose, making in all 9 drams of carbon disulphid 
in three gelatin capsules. 

The above treatment is for the adult horse. For a yearling colt half the 
quantity of carbon disulphid used for a mature horse will give the desired 
results. If properly administered the gelatin capsule reaches the stomach 
intact, but soon dissolves and the carbon disulphid rapidly evaporates, suffo- 
cating all bot larvee and other parasites with which it comes in contact, but 
not injuring the horse. Worms are quite often expelled as well. 

The Bureau of Animal Industry calls attention to the fact that 
the so-called 4-dram capsules hold about 3 drams of carbon disulphid. 

Desiring to know the periods of time required to kill the larve in 
the treatments, a number of experiments have been conducted in 
fumigating stomach sections to which larve were attached. Only 
larvee from those animals that could be secured shortly after the death 
of the hosts were used, and the sections with larvee in situ were placed 
in wooden boxes tightly covered with glass after the box was well 
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moistened. The sections came from both the stomach and duodenum, 
and the tests include all three species of Gastrophilus. After the 
short periods of fumigation, which were ineffective with last-stage 
larvee, it was observed that the larvee lived for some days. At the end 
of fumigation tests it was impossible to determine the viability of 
larvee except by observing them for a number of days. As will be 
seen in Table IX, chloroform was not wholly effective at 4 hours, 
but at a later date larve were killed with carbon disulphid within 
3 hours. In no case did larve live after subjection to 34 hours of 
carbon disulphid. These gases were liberated from absorbent cotton 
in the corner of the box, and no larve came in direct contact with the 
liquid, as would probably be the case within the stomach. The carbon 
disulphid, being soluble in water, evidently reaches all portions of 
the stomach, either as a gas or in solution. 
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The @. intestinalis are the most resistant of the Gastrophilus to 
treatments, but these, being found in the stomach, are in the most fa- 
vorable place for treatment. No immediate effects of the gas upon last- 
stage Gastrophilus larvee are observed, as they remain motionless for 
some time. Finally they contract so as to conceal the hooks of attach- 
ment and then drop from the stomach section. This sometimes occurs 
within 30 minutes after the fumigation begins, but most often it is 
after 1 or 2 hours. Occasionally the contraction is not so great and 
larve remain attached but drop at the slightest touch. A number of 
observations were made upon animals treated by local veterinarians. 
During the spring and early summer records were kept on 23 of these 
horses, which were treated when they contained only last-stage larvee. 
The treatment was given as recommended by the Bureau of Animal 
Industry. Within 36 to 48 hours the first bots appear in the feces, 
though if the physic acts well they may be found after 24 hours. The 
writer observed bots to pass for a period of 5 days, beginning about 
36 hours after the treatment. With the first droppings a few living 
larve may be found which detached from the stomach before the 
treatment, and in one case G. nasalis was reared from such larve. 
G. haemorrhoidalis may appear at the anus as usual if this treat- 
ment is given in the spring, as by this time numbers have previously 
migrated to the rectum. | 

While Table IX shows that carbon disulphid gas is capable of 
killing last-stage larvee within 34 hours, the ideal time for treatment 
of horses would be in the autumn when all larve are young and the 
G. haemorrhoidalis are still within the stomach and duodenum. The 
last-mentioned experiments in Table IX show some fumigation re- 
sults with small Gastrophilus. It will be observed that 1 hour was 
an amply sufficient time, though a few last-stage larvee were present 
as late as September 18. If not caused to detach these would possibly 
drop during the winter and succumb to low temperatures. In Dallas, 
Tex., 45 minutes was sufficient to kill young larve on December 9, 
1916. 

The fact that G. nasalis attaches in the throat, where the larve are 
not in a position to be affected by the carbon disulphid treatment, em- 
- phasizes the fact that “an ounce of prevention is worth a pound of 
cure.” 

REPELLENTS. 


The rubbing of horses upon posts, bowlders, and other convenient 
objects suggested a device for use in pasture whereby horses could 
rub their lips upon a repellent. The short period of effectiveness of 
repellent substances and the inability to obtain one that will remain 
on the lips during grazing are difficulties which would seem to be 
overcome by such a device. A keg reservoir was devised whereby a 
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flow of repellent, which was regulated by a stopcock, moistened a 
padded plank by means of a small pipe perforated with holes. This 
was placed at a salting and resting place of the horses and the amount 
of rubbing noted was very encouraging. Unfortunately, the horses 
did not rub the corners of the mouth, which are favorable places of 
egg deposition, and the scheme was abandoned. 

Dr. Van Es suggested the use of a repellent upon the forelegs of 
horses and other portions of the body accessible to the mouth, so 
as to cause the common bot fly to deposit eggs upon places where they 
could not be reached by the horse’s mouth. A marked repellent 
quality was observed in equal parts of pine tar and lard, no adults 
having been observed to oviposit during the following 4 days. There 
was apparently no injury to the animal, and 1 part of tar to 2 parts of 
lard was effective during 3 days. The disadvantage in some of the treat- 
ments was the fact that animals would walk through mud and water 
and cause a decrease in the repellent qualities of the mixture applied. 
Very good results were obtained with pine tar 3? ounces, kerosene 

4 ounces, laundry soap 1 ounce, powdered resin 1 ounce, and hot wa- 
ter to make 14 ounces. The pine tar was thinned with kerosene, the 
soap and resin dissolved in hot water, and the two mixtures poured 
together. There was not only great repellent action observed, but 
the resin caused the hair to stick together in small bunches and pre- 
vented the adult flies from ovipositing. There was apparently no 
injury to the skin of the animal, and these same repellents pre- 
vented G. nasalis from ovipositing under thejaws. A successful repel- 
lent that would not require renewal over a reasonable period is de- 
sirable, since the loss of time due to the renewal of repellents is a 


great loss. 
MECHANICAL PROTECTIVE DEVICES FOR WORK HORSES. 


The protective devices found upon work animals vary, but there 
are none used in the Dakotas on pastured animals. (See Plate V.) 
Various forms of fringes are most frequently found and may consist 
of leather, burlap, or a portion of the leg of trousers. These are 
probably the least effective of the devices, as examination of teams 
wearing such fringes developed the fact that they are often found 
infested with eggs. Leather seems to be the most efficient of the 
fringes, as it is not so easily blown aside by the wind and does not 
hinder the horses in breathing. Those extending completely around 
the head retail for 50 cents each, while those covering only the face 
sell for 25 cents. 

Baskets which are used extensively in nose-fly districts serve as 
muzzles during the last plowing of corn, but are not very effective 
nose-fly protectors. The mesh is of sufficient coarseness to permit 
files to oviposit if the lips can be touched. They do not always fit 
well at the top and occasionally a nose fly will get on the inside, 
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producing great annoyance by its buzzing. During thrashing 
moisture collects within the basket and, when the dust settles upon 
this, creates a condition which greatly handicaps the animal’s breath- 
ing. These baskets retail for 35 cents each when fitted with two 
snaps. 

While protection of any description about the lips will prevent 
many ovipositions and annoyance by flies, by far the most effective de- 
vice consists of a simple strip of leather extending over the lips and 
fastened at the bit rings. This actually covers the portions of 
the lips upon which the flies lay their eggs and upon horses thus pro- 
tected an absence of eggs and annoyance has been noted. During the 
movement of the horse’s head in walking, especially when working, 
this protection not only covers the lips, but swings to and fro and 
tends to repel the flies. The nostrils being exposed, it does not hinder 
breathing. Due to the cost of leather, very few of these are in use, 
but if one obtains an old belt from a thrashing machine great num- 
bers can be made. It requires only a strip which will extend from 
one bit ring to the other and be from 4 to 6 inches in width. The size 
of the strip will depend upon the size of the horse’s head. A snap 
placed at each end near the center facilitates handling, and the pro- 
tector can be snapped onto the harness when not in use. 


PROTECTORS FOR PASTURED ANIMALS. 


Studies of efficiency of halter appliances for pastured horses have 
been made, and while conclusive results have not been obtained, a 
type has been designed which promises to meet the demand. At 
first halters were used with a piece of leather covering the jaws and 
hanging so as to flap against the lips when the animal walked. The 
front of the halter was provided with a face net which swung over 
the nostrils and lips. This proved unsatisfactory, as the flap, if 
long enough to protect the animals during depositions, was too long 
during grazing. The horses would step upon them with the fore 
feet, causing them to break. 

A variation from the most efficient work-horse protector was 
devised by using a piece of duck on the rear, so as to cover the jaws 
and prevent G. nasalis from depositing in this location (see fig. 4). 
A block of wood under the center and below the lips enables a horse 
to graze with ease and at the same time be protected from flies when 
the head is held above the ground. The cloth on the rear also pre- 
vents ingress of G. intestinalis larve by preventing the horse from 
scratching portions infested with eggs. When the head is placed 
upon other animals the device occasions such discomfort that almost 
immediately the horses move and prevent the protected animal from 
becoming infested from their bodies. 

For pasture uses the leather becomes soft and at times exposes the 
corners of the mouth, but excellent results have been obtained by sub- 
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DEVICES IN USE TO PROTECT WORK HORSES FROM OVIPOSITING G. HAEMORRHOIDALIS. 


Upper left.—A leather frings is fairly effective. Upper right.—A burlap fringe hinders breathing. 
Lower left.—A wire basket often permits ovipositions on account of coarse mesh and ill fitting. 
Moisture and dust collectand hinder breathing. Lower right.—A strip of leather actually 
covers oviposition places and allows the horse to breathe easily. (Original.) 
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stituting a hard wood. The weight in either case will compare with 
the weight of blind bridles. Horses using these in experiments be- 
came free of G. haemorrhoidalis eggs during the summer of 1916, 
whereas unprotected animals were heavily infested. There was also 
a marked difference in the feeding, as protected animals grazed nor- 
mally in_ bunches. 
While the device in- 
dicates a favorable 
preventive measure, 
before its adoption 
tests of durability 
should be made and 
minor points in the 
construction deter- 
mined. It seems pos- 
sible that the con- 
struction could be 
made so simple that 
farmers could make 
the protectors at a 
nominal price. 

A halter attach- 
ment would permit 
horses to graze dur- 
ing times ‘that are 
favorable for depo- 
sitions of flies, and 
would prevent even- 
tual infestations by 
all three species of 
Gastrophilus. A 
shed constructed in 
the pasture would 
protect animals 


; Fic. 4.—A bot preventive. The box prevents ‘nose flies ” 
from nose flies, al- from ovipositing when the head is held upright, while the 
though it would not block of wood underneath the box allows the horse to 
. : graze easily. 'The canvas prevents normal ovipositions of 
prevent infestations the ‘‘throat bot-fly,’ and does not permit the horse to 
by the other species bite the portions infested with eggs of the ‘‘common bot- 
3 fly.” (Original.) 
of Gastrophilus. 


Such a shed would keep the animals from grazing during times that 
were favorable for depositions, and could be used for storage of feed 
during the winter. 


EFFECTIVENESS OF WASHES UPON EGGS. 


Regardless of whether horses are treated internally for bots, which 
is best during the autumn, when larve are small, or whether they 
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wear halter appliances during the summer, it is necessary to treat 
the eggs during the autumn to prevent a late infestation from the 
well-incubated eggs after the protectors have been removed. ‘Then, 
too, the ease with which places so accessible to the horse’s mouth can 
be washed makes the use of washes a practical prevention in regions 
where bots are not so numerous. 


LARVZE REMOVED FROM EGGS PRIOR TO TREATMENT. 


Active larve were removed from well-incubated eggs and subjected 
to substances reported in Table X. Only larve in excellent condition 
were used, and these were observed in watch glasses, small tin boxes, 
and test tubes at short intervals until dead. When in doubt they 
were removed with a drop of the liquid to a microscope slide, and the 
warmth of one’s breath was sufficient to cause living ones to move. 
Larvee were killed instantly when placed in volatile liquids or gases 
of carbon disulphid and in absolute alcohol. 


TaBLe X.—Resistance of first-stage larve of Gastrophilus intestinalis, Aberdeen, 
S. Dak., 1916. 


Larvee placed in— Longevity. Larve placed in— Longevity. 
zi 5 
Drysbimsboxe ease eee 72 to 126 hours. || Borax, saturated solution. ----.- 40 minutes. 
Winter ies asa ee ie eee ee Raa 76 to 99 hours. 50 per cent alcohol. .....--....-- 30 minutes. 
Tincture quassia......-..:-.-..-- 24 to 36 hours. Petroleum, refined.-....-...---- 30 minutes. 
Beta-naphthol in alcohol. .....-. 20 to 28 hours. BO) Serene seas races 30 minutes. 
10 per cent oil of tar emulsion... | 41 to 48 hours. IBGHO BONG oj acbocaasSseecasaeece 13 minutes. 
Borax, saturated solution........- 28 to 41 hours. 334 per cent pine tar and 66% per | 1 minute. 
ID OF Rech eee eee eee eee 24 to 43 hours. cent kerosene. 


Dr. Guyot’s results compare favorably with those herein reported. 
His larve remained alive in water for 4 days, nearly a day in olive 
oil, and more than 14 hours in bichlorid of mercury solution 1 to 
1,000. 

The movement of freshly emerged larvee is very rapid upon moist 
surfaces, but upon a dry surface they seldom move from the original 
location, although they have been observed to live for 72 to 125 
hours. When placed in water the larvee became submerged with the 
exception of the posterior spiracles, which remained exposed at the 
surface. They are capable of living in this manner for 76 to 99 
hours. 

LARV REMOVED AFTER TREATMENT OF EGGS. 


Hundreds of eggs were collected from horses in pastures during 
the latter part of August and the early half of September. At this 
time the activities of adults of G. intestinalis were being directed to 
the manes of horses for oviposition, as in most cases the inside of the 
forelegs and sides immediately behind the forelegs were very grossly 
infested. These hairs were of sufficient length to render handling 
easy, and the eggs were about the same age. Except as otherwise in- 
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dicated in Table XI, infested hair was placed in tubes at air tempera- 
tures of a living room and allowed to remain until larve were well 
formed and ready for emergence. Some of the eggs were then tested 
and the viability determined. A check was not kept, as the brownish 
color of the dead larve easily distinguished them from the trans- 
parency of the active larve. 


TABLE XI.—Effcctiveness of washes upon eggs of Gastrophilus intestinalis, 
Aberdeen, S. Dak., 1915-16. 


Num- Mortality of larve. 
Date Ex. ber 
eggs Insecticide. osure. | larvee Remarks. 
treated. Pp ex- | Dead. Living. | Doubt- 
amined. Ele ta talk 
1915, Minutes 
Sept. 6 | Refined petroleum 6-18 7 0 7 0 | Engine oil, No. 1. 
Dos: se=t2 Oe SS esac cas eso as 18-31 8 4 4 0 Do. 
1916. Hours. 
moepts <7) Kerosene..2-4-..--2------ 24 20 aS) Je es if 
Do...-| 1.85 per cent phenols! .... 24 38 38 0 0 | Reddish brown in color. 
Do....| 2 per cent nicotine sul- 24 17 12 5 0 
phate. 
Do-..-.| Carbolic acid 2 per cent 24 20 19 1 0 
phenol. 
Wo ees Mudra e Slee aowssicce scien 24 20 0 20 0 
Do....| Nitrobenzine gas......--. 25 38 38 0 0 
Sept. 9 seen acid 2 per cent 5 28 23 0 0 | 2larvee yellow in color. 
pheno 
Woe=24|) Kerosene. + ---2-2-- Basen 29 22 5 Mi) ee eeee 5 dead larvee yellow in 
color. 
Do 0.185 per cent phenols 1 29 23 23 0 0 | 3 dead larve yellow in 
color. 
Sept. 11 | Nitrobenzine gas. -.....-. 4 34 a 22 5 
DWOLS es s-255 Onesies cciisbis eos = 10 40 Eff) ee eee 3 
DOs eye ses2 G0) eee een ee 25 42 42 0 0 
Do..-.-.| 0.054 per cent phenols}... 26 40 40 0 0 
ID Oba | PCCEOSENC S05 cc eae ee 25 28 5 Pla eed o § 18 larvee very active. 
Do....| 2 Dey cout nicotine sul- 26 26 9 14 3 
phate, 
Do...-| 2 per cent carbolic acid... 26 38 38 0 0 
Sept 152} Kerosene..........-....-- 24 55 11 38 6 | 38 larvee very active. 
Do.1. .| Carbolic acid 2 per cent 24 48 47 0 1 
phenol. 
Do.1. | 0.054 per cent phenols !. .- 25 49 49 0 0 
Dow | ierosenes-- sae) 2 2 147 24 3 19 2 
Do.!..| Carbolic acid 2 per cent 146 27 27 0 0 
phenol. 
Do... .| 0.054 per cent phenols!- - - 147 21 21 0 0 


1 A proprietary compound of cresol in combination with resin soap. 
2 Eggs not well incubated were treated and larvee removed Sept. 21. 


In the tests with larvee removed from the eggs it was observed 
that the minimum period causing death by contact was 1 minute 
with pine tar 1 part and kerosene 2 parts. The ease with which 
either of these can be obtained suggested a study of these and similar 
substances. 

It will be observed that kerosene, which is commonly reported 
to be in use by farmers, even at an exposure of 147 hours, had prac- 
tically no effect upon larve. When eggs upon hair were rubbed 
they more readily yielded to hatching and apparently the larvee were 
more active than from any similar treatment. The kerosene seemed 
to facilitate the emergence of the larve. While it was ineffective 
against well-developed larve, it was thought that upon freshly 
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deposited eggs it would probably prevent development of the embryo, 
as is the case with hens’ eggs during incubation; but even a test of 
this kind was onty slightly effective. 

A 2 per cent nicotine-sulphate solution was only partially effective. 
Nitrobenzine gas, which has recently been brought to our attention 
as a fumigant for external parasites of animals by Prof. William 
Moore, of the University of Minnesota, yielded good results at 25, 
24, and 10 hours’ exposure, but only a small percentage was killed 
at 4 hours. The fumigation was conducted in a common glass fruit 
jar into which a strip of cloth, impregnated with a few drops of 
nitrobenzine, was suspended. 

The phenol compounds, by a contact application, seem to be most 
effective in destroying young larve and preventing the further de- 
velopment of embryos. It will be observed that carbolic acid con- 
taining 2 per cent phenol yielded as good results as higher per- 
centages, and that this substance was most effectively used. 

With carbolic acid as a wash it will be well to be cautious of its 
effects upon the hands. If used at too great strength, the exposed 
skin of the hand will become white and peel off, although it does 
not affect the skin of the horse, which is protected by the hair. 


SUMMARY. 


Three species of horse bots—the common bot-fly (Gastrophilus 
intestinalis), the throat bot-fly (G. nasalis), and the nose fly (G. hae- 
morrhoidalis)—occur in the United States, and each is a source of 
considerable injury to horses. This injury is produced through 
worriment caused by the flies at the time the eggs are laid and by the 
attachment of the larvee, or bots, in the alimentary tract. 

Gastrophilus intestinalis and G. nasalis are widely distributed in 
the United States but G. haemorrhoidalis is confined to the North- 
Central and northern Rocky Mountain States. 

The nose fly (G. haemorrhoidalis) is by far the most annoying to 
horses at the time its eggs are laid. The adults appear early in June 
and reach the maximum of abundance during the first half of the 
season, disappearing with killing frosts. The eggs are deposited on the 
minute hairs on the iips, and those near the edges which are kept moist 
and receive friction hatch in from 5 to 10 days. The larve are taken 
in with food or water and attach themselves to the walls of the 
stomach. Here they remain until the following winter or spring 
and then migrate to the rectum, where they reattach. Before leaving 
the host they usually attach close to the anus and protrude from it. 
They remain in this position from 40 to 71 hours. After dropping 
to the ground the bots seek protection and pupate in from 18 to 170 
hours later. The pupa stage lasts from 21 to 68 days. The adults are 
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very active, and as they deposit only one egg at a time they are not 
so frequently seen about horses as are the adults of the common bot- 
fly. They take no food in the adult stage. Their length of life is 
from 1 to 7 days. 

The throat bot-fly (G@. nasalis) deposits its eggs on the hairs under 
the jaws and to some extent on the shoulders and other parts of the 
host. The larvee of this species attach themselves to the walls of the 
pharynx and also to those of the stomach and duodenum. They do 
not reattach in the rectum or at the anus as do the bots of the nose 
fly. Pupation occurs in from 14 to 2 days after the larve have 
passed from the host, and adults emerge in from 20 to 56 days later. 
The adults are somewhat longer lived than those of the nose fly. 
The flies cause considerable annoyance to horses during oviposition 
but not as serious as in the case of the nose fly. 

The common bot-fly (@. intestinalis) usually appears later in the 
season than the nose fly and becomes most abundant just before kill- 
ing frosts. The eggs are deposited on all parts of the body, but 
preferably on the fore legs. They hatch upon the application of 
moisture and friction. From 9 to 11 days after oviposition appears 
to be the most favorable period for hatching, although some may 
hatch as early as 7 days and others as late as 96 days after oviposi- 
tion. The larve attach in any part of the stomach, but the last-stage 
bots are found mostly in the left sac. They continue to drop from 
the host for a long period of time. Pupation takes place in protected 
places on the surface of the soil and the pupa stage lasts from 40 to 
60 days. 

All Gastrophilus larve are surprisingly resistant to chemicals. 
The treatment of horses with carbon disulphid in three doses followed 
by a physic is satisfactory if administered in the late fall. Spring 
treatment is less effective, as the full-grown larve are more resistant, 
and many of the nose-fly bots have left the stomach and passed back 
to the rectum at that time. 

Larve of G. haemorrhoidalis may be removed from the rectum 
mechanically, but this is laborious. The use of enemas containing 
insecticides is ineffective. 

As a repellent, pine tar mixed with other material gave good re- 
sults against the common bot-fly and the throat bot-fly. Such mix- 
tures may be utilized to cause the flies to lay eggs on parts of the body 
less accessible to the horse’s mouth. 

Various nose protectors are in use against G. haemorrhoidalis, but 
there are objections to many of them. A piece of leather suspended 
below the lips from the bit rings is simplest and best. For animals 
on pasture a halter with a box-like arrangement and throat cover has 
been devised to protect horses against infeetation by all three species, 
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Kerosene oil used as a wash is ineffective in destroying the eggs 
of Gastrophilus, but certain other substances have given good results. 
Carbolic acid containing 2 per cent phenols is satisfactory for de- 
stroying eggs when applied to the infested parts of the host. 
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INTRODUCTION. 


The injurious stage of the hickory tiger-moth, Walisidota caryae 
Harris,’ is a gregarious summer caterpillar (Pls. I, II) which, al- 
though a genera] feeder on deciduous trees and shrubs, causes occa- 
sional injury in orchards of pomaceous fruits and cultivated walnuts. 
While in this respect it is a minor pest, its injury, where it occurs, 
is severe and conspicuous and is the source of frequent inquiries to 
the Bureau of Entomology and to entomologists in the field. The 
writer’s attention was frequently called to the work of this cater- 
pillar while stationed at North East, Pa., during the seasons of 1914, 
1915, and 1916, and there, incidental to the major projects then 
eee investigation, the seasonal history and habits of this insect 
have been studied and the necessary remedial measures determined. 3 


HISTORY. 


Injury by the hickory tiger-moth was first described by Harris in 
3841 (1) in the earliest important work on economic entomology pub- 


1. Order Lepidoptera, family Arctiidae. 
2The writer was assisted in 1915 by E. R. Selkregg and in 1916 by James K. Primm, 
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lished in America. Since then frequent reports of local outbreaks have 
been recorded in entomological literature. Complaints have been 
made to the Bureau of Entomology regularly since 1870, and speci- 
mens and records of injury have been received annually since 1904. 
Yet in spite of this constant occurrence there appear to be no records 
of very great destructiveness. The nearest approach to a general 
outbreak recorded occurred in 1907, when the bureau received numer- 
ous complaints from New England as well as scattered reports 
from other parts of the United States and from Canada. When 
Harris (1)? first described the adult, larva, and pupa as Lophocampa 
caryae, he gave in addition a brief account of the larval feeding and 
cocoon-making habits, and listed hickory, elm, and ash as food plants. 
Fitch (2) in 1855 gave a further account of larval habits and added 
butternut, sumach, and slippery elm to Harris’s list of food plants; 
and during this same year the species was listed by Walker (8) and- 
figured by Herrich-Schiffer (4). In 1882 it was listed by Grote (5). 
Few biological data were added until Beutenmiiller (6) in 1890 
listed 32 food plants of the hickory tiger-moth. The same year Dyar 
(7), in discussing head measurements of lepidopterous larve, re- 
corded nine larva stages of H. caryae. Soule (8) in 1891 first 
described-the egg and gave life-history records from egg to pupa, 
but recorded only seven larva stages. Packard (9) in 1893 also 
described the egg and larva stages and of the latter recorded only 
five. Eliot and Soule (11) in 1902 gave a popular account of the 
life history similar to the previous one by the junior author, and this 
later account is the most nearly complete record of its biology. 
From 1905 to 1908, inclusive, the period when inquiries made to 
the Bureau of Entomology regarding this insect were most frequent, 
there were a number of brief references to it by economic ento- 
mologists in the northeastern United States. These references were 
brief and added little to the published records except to note its eco- 
nomic importance. Patch (12) mentions it as a late summer feeder, 
Felt (13 and 15) records it as of economic importance in New York, 
Sanderson (14 and 19) records it among apple insects of New Hamp- 
shire, Britton (16) refers to it as abundant in Connecticut, and 
Gibson (17) records an unusual outbreak for two years in several 
Canadian Provinces. Dr. L. O. Howard states that this species was 
unusually abundant in Greene County, N. Y., in September, 1917. 


COMMON NAME. 


This insect was called the hickory tussock moth by Harris (1), 
and until a comparatively recent time this name has been used. Com- 
stock (10) called it the hickory tiger-moth. The latter name would 


1 Reference is made by number to “ Literature cited,” p. 13. 
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seem preferable, since the insect belongs to the family of tiger-moths 
(Arctiidae) and not to the family of tussock moths (Lymantriidae). 


SYNONYMY. 


= Lophocampa caryae Harris, 1841. 
Halesidota annulifacia Walker, 1855. 
Phegoptera porphyrea Herrich-Schiffer, 1855, 
Halisidota caryae (Harris) Grote, 1882. 
Halisidota caryae (Harris) Packard, 1890. 


DISTRIBUTION. 


The hickory tiger-moth is distributed over the northeastern United 
States and the adjacent Canadian Provinces. According to rec- 
ords of the Bureau of Entomology and literature, its range ex- 
tends from the Atlantic Ocean west to Missouri, Minnesota, and 
Saskatchewan, and from the Canadian Provinces bordering the 
United States south to North Carolina and southern Ohio. Records 
have been taken from the following States and Canadian Provinces: 
Maine, New Hampshire, Vermont, Massachusetts, Connecticut, New 
York, Pennsylvania, New Jersey, North Carolina, Ohio, Michigan, 
Illinois, Wisconsin, Missouri, Quebec, Ontario, Manitoba, and Sas- 
katchewan. It is probably much more frequent in New England 
and the Middle States, however, since more than 75 per cent of the 
reports of destructiveness have come from this region, 


DESCRIPTION OF STAGES. 


EGG. 
(Pl. II, fig. 4.) 


The egg is nearly globular, flattened on the side of attachment, 0.75 mm. in 
diameter. The surface is glassy and in color it is a robin’s-egg blue when 
first deposited. A brown ring appears on. the upper surface about the second 
day, and in a few days the egg appears olive brown when viewed from 
above, although when viewed from the side it is greenish. In about two weeks, 
just before hatching, it becomes leaden blue. Infertile eggs do not change 
in color, but dry up in a few weeks. Eggs are deposited in a broad patch of 
50 to 400 on the underside of the leaf. The writer has found one patch of 


525 eggs. 
LARVA. 


° (Pl. I, Pl. H, figs. 1, 2, 3.) 


Full-grown larva.—Length, 32 to 38 mm. A striking grayish-white and 
black hairy caterpillar. It is covered with short spreading tufts of grayish 
white hairs, with a dorsal row of contiguous black tufts which appear like a 
velvety crest. These tufts occur on the first eight abdominal segments and a 
small one may be seen on the ninth. There also may be a pair of slender black 
pencils arising fronr the first abdominal segment, and another pair arising 
from the seventh. These pencils may be very long, may be inconspicuous, or 
absent altogether. The head and fect are black. The hair arising from the 
thoracic segments is ionger than that of the rest of the body and when the 
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larva is at rest covers the head. The spreading aide tufts give the larva & 
depressed appearance, - 

First instar (Pl. II, fig. 1).—Width of head, 0.46 to 0.50 mm; total length, 
1.5 mm.; when full fed, 3 mm. The head is shining black and is much wider 
than the thorax of a newly hatched larva. The body is cylindrical, pale green- 
ish white, and marked with black setiferous tubercles. Dorsally the tubercles 
appear as follows: On the first thoracic segment, a large dorsal plate and two 
very small tubercles on either side; second thoracic segment, one large coni- 
pound tubercle on either side near the cephalic margin and a very small me- 
dian tubercle near the caudal margin; third thoracic segment, 2 conspicuous 
tubercles on either side; first to eighth abdominal segments, 3 conspicuous 
tubercles on either side arranged in a triangle, two of them being near the 
cephalic and one near the caudal margin; ninth abdominal segment, 1 large 
compound tubercle on each side; tenth abdominal segment, 1 large plate cover- 
ing most of the dorsal aspect of the segment. On all the thoracic segments and 
on third to ninth abdominal segments there are 3 small tubercles on each 
side; on abdominal segments 1 and 2 there are 4 on each side; and on ab- 
dominal segment 10 there is 1 one each side. All the lateral tubercles and 
lateral-dorsal tubercles bear 1 white seta. Black sets are all dorsal, 4 arising 
from each thoracie segment, 1 from each of the 4 median abdominal tubercles, 
and 6 from the anal plate. 

Second instar.—Width of head, 0.65 mm.; total length, 5 to 6 mm. when full 
fed. This instar differs chiefly from the preceding in the abundance of long 
whitish hairs which arise in considerable numbers from all the tubercles. The 
tubercles*are larger and contrast strikingly with the color of the body. 

' Third instar—Width of head from 1.12 to 1.16 mm.; total length, 10 mini. 
when full fed. More hairy than the preceding instar. , ; 

Fourth instar (Pl. II, fig. 2).—Width of head, 1.7 mm.; total length, 13 to 
14 mm. The dorsal tubercles are meek obscured by the hair arising from 
them. 

Fifth instar.—Width of head, from 1.88 to 2.19 mm., average 2.1 mm.; total 
length, 18 to 19 mm. Tufts at sides of each body segment becoming connie 
ous. and the black pencils may appear in this instar. j 

‘Sixth instar—Width of head, from 2.91 to 3.09 mm., average 3.0 mm.; 
total length when full fed. 22 to 25 mm. The side tufts have become so con- 
spicuous that they give the larva an almost flattened appearance. The black 
dorsal tufts are not yet touching and do not yet form a conspicuous crest. 

Seventh instar (Pl. Il. fig. 3).— Width of head, from 3.43 to 3.52 mm., average 
3.46 mm.; total length, 27 to 32 mm. Practically the same as the preceding. 

Highth instar.—Width of head, from 4.10 to 4.80 mm., average 4.2 mm.; 
tétal length, 32 to-40 mm. This larva is very much like the preceding if it 
has yet to pass through another instar, or if this instar is the last it is like 
the mature larva previously described. : 

Ninth instar (P1. 1).—Width of head, from AT to 4.9 mm., “ay erage 4.8 mm.; 
total length, 35 to 42 mm. This instar differs conspicuously from the imina- 
ture for ms because of the striking black crest. 


COCOON. 
(Pl. ITI, fig. 3.) 


The cocoon is usually ellipsoidal, sometimes slightly flattened on one side, 
depending on the material which surrounds it. In length it averages 23 mm. 
and in width 15 mm. The lar val mixes most of its gray hairs into the silk, 
making the cocoon very hairy. ‘In color it is dirty gray. 
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PUPA. 
(Pl. III, fig. 2.) 


Length, 10 to 18 mm; width of thorax, 6 mm; width of abdomen, 7.5 mm. 
The abdomen is much stouter than the thorax and there is a slight constriction 
between them; the wingpads extend to the fifth abdominal segment; on the 
caudal end is a transverse row of spines recurved at the end. Color when 
newly transformed, yellowish, but soon becoming reddish brown; margins of 
segments and spiracles darker. 


6 


\ i IMAGO. 
(Pl. III, fig..1.) 


- The following is Harris’s original description of the moth (1): 


* * * very light ochre-yellow in color; the fore-wings are long, rather nar- 
row, and almost pointed, are thickly and finely sprinkled with little brown dots, 
and have two oblique brownish streaks passing backwards from the front edge, 
with three rows of white semitransparent spots parallel to the outer hind 
margin; the hind-wings are very thin, semitransparent, and without spots; and 
the shoulder covers are edged within with Hght brown. They expand from 
one inch and seyen-eighths to two inches and a quarter or more. The wings 
are roofed when at rest, the antennz are long, with a double narrow, feathery 
edging, in the males and a double row of short, slender teeth on the under-side, 
in the females; the feelers are longer than in the other Arctians, and not at all 
hairy; and the tongue is short but spirally curled. 


FOOD PLANTS. 


The hickory tiger-moth is usually recorded as a general feeder on 
the foliage of deciduous trees and shrubs. No less than 49 host 
plants from wwlely separated families have been listed by various 
observers. However, this wide range of food plants is confined to 
the nearly mature larva. The number of food plants upon which 
larve can develop from egg to pupa is much smaller and, as far as 
the writer has observed, is restricted to trees of the walnut and 
hickory family and to pomaceous fruits. 

The writer has reared larvee from egg to pupa on Japanese walnut, 
English walnut, black walnut, apple, and pear. In the field, colonies 
have been found frequently on all of the above and also on butter- 
nut, quince, and once on white hickory. In spite of its name walnut 
and not hickory seems to be its favorite food plant. An egg mass 
was found on a sour-cherry leaf, but a colony of larve were never 
found feeding on cherry in the field. Miss Soule (8) records finding 
an egg mass on a thorn leaf (Crataegus sp.). 

The lots of larvee which were fed on black walnut, Japanese walnut, 
English walnut, pear, and apple all reached the pupa stage and 
appeared normal. In the early larva instars the development was 
about the same. The later instars on Japanese walnut developed 
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somewhat faster than any of the others, and nearly all of them 
attained the ninth instar before pupation, although those hatching 
very late passed through only eight instars. Those reared on apple 
developed more slowly and passed through only eight stages, while 
the larve on pear passed through either eight or nine. The length 
of stages of larve feeding upon these plants will be given in detail 
in the discussion of seasonal history. 

In confinement larve would feed on,the foliage of many trees 
upon which they could not mature. Attempts to rear larve from 
hatching to pupation on sour cherry (Early Richmond variety), 
red oak, and slippery elm were unsuccessful. Those fed on oak 
and cherry passed through the early molts with regularity, but 
growth was slower than that of those reared on walnut and apple, 
and finally stopped altogether. A few larvee that were started on oak 
and cherry at the beginning of the second stage reached the seventh, 
but were undersized and unhealthy in appearance. Elm was more 
distinctly unfavorable than either oak or cherry. Larve placed upon 
elm immediately after hatching failed to pass even the first molt, and 
those transferred from walnut as late as the fourth stage failed to 
pass the seventh. 

Table I gives a list of the food plants recorded in entomological 
literature and in the records of the Bureau of Entomology with the 
authority for the previously published records. In this list nomencla- 
ture of the native species is according to Gray’s Manual of Botany, 
seventh edition (1907), and the nomenclature for imported species is 
that of Bailey’s Standard Cyclopedia of Horticulture. 


TasLe I.—A list of native and imported food plants of the hickory tiger-moth 
(Halisidota caryae). 


Acer saccharinum L. Silver maple. (Beutenmiiller 1890.) 

Acer pscudoplatanus L. Sycamore maple. (Beutenmiiller 1890.) 
Acer rubrum L. Red maple. (Beutenmiiller 1890.) 

Acer negundo lL. Boxelder. (Beutenmiiller 1890.) 

Acer saccharum Marsh. Sugar maple. (Beutenmiiller 1890.) 
Aesculus glabra. Welld. Buckeye. (Beutenmiiller 1890.) 
Alnus rugosa (Du Roi). Alder. (Beutenmiiller 1890.) 

Betula a. var. papyrifera Marsh. Paper birch. (Beutenmiiller 1890.) 
Betula populifolia Marsh. Gray birch. (Beutenmiiller 4890.) 
Carpinus caroliniana Wall. Hornbeam. (Beutenmiiller 1890.) 
Carya sp. Hickory. (Harris 1841.) 

Carya alba (1.) White hickory. (Beutenmtiller 1890.) 

Carya glabra (Mill.). (Beutenmiiller 1890.) 

Castanea dentata (Marsh). Chestnut. (Beutenmiiller 1890.) 
Celtis occidentalis L. Wackberry. (Beutenmiiller 1890.) 
Orataegus sp. Thorn. (Souie 1891.) 

Cydonia oblovya Mill. Quince.* 


1Coufirmed by writer. 
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Fagus grandifolia Ehrh. Beech. (Beutenmiiller 1890.) 

PFrazinus sp. Ash. (Harris 1841.) 

Hamamelis virginica L. Witch-hazel. (Beutenmiller 1890.) 
Juglans cinerea L. Butternut.* (Fitch 1855.) 

Jugians nigra L. Black walnut.* (Fitch 1855.) 

Juglans regia L. English walnut.* 

Juglans sieboldicna Maxim. Japanese walnut.* 
Larig decidua Mill. Tamarack. (Witch, according to Felt, 1905.) 
Lariz laricina (Du Roi). Larch. (Fitch, according to Felt, 1905.) 
Ostrya virginiana (Mill.). Hop hornbeam.* 

’ Prunus serotina Bhrh. Black cherry.* (Beutenmiiller 1890.) 
Prunus virginica L, Chokecherry. (Beutenmiiller 1890.) 
Prunus cerasus. Sour cherry. (Lintner 1891.) 

Platanus occidentalis L. Sycamore. (Beutenmiiller 1890.) 
Platanus orientalis L. Sycamore. (Beutenmiiller 1890.) 
Pyrus communis L. Pear.’ (Lintner 1891.) 

Pyrus malus lL. Apple. (Beutenmiiller 1890.) 

Quercus alba L. White oak. (Beutenmiiller 1890.) 
Quercus palustris Muench. Pin oak. (Beutenmiiller 1890:) 
Quercus rubra L. Red oak. (Beutenmiiller 1890.) 

Rhus sp. Sumach. (Fitch 1855.) 

Rosa sp.* 

Rubus sp. Raspberry. (Hliot and Soule 1902.) 

Tilia americana L. Basswood. Beutenmiiller 1890.) 

Tilia alba. White linden. (Beutenmiiller 1890.) 

Tilia europea. European linden. (Beutenmiiller 1890.) 
Saliz sp. Willow. (Hliot and Soule 1902.) 

Ulmus sp. Elm. (Harris 1841.) 

Ulmus americana L. American elm. (Beutenmiiller 1890.) 
Ulmus campestris L. English elm. (Beutenmiiller 1890.) 
Ulmus fulva Michx, Slippery elm. (Fitch 1855.) : 


SEASONAL HISTORY. 


EMERGENCE OF MOTHS. 


There is one generation annually. The insect pupates in the fall, 
hibernates in the pupa stage, and the moths emerge in early summer. 
During the season of 1916 the earliest emergence from a lot of 36 
cocoons was June 9 and the latest June 24, the majority emerging 
from June 12 to 15, inclusive. No adults were reared in either of the 
two previous seasons, but in 1914 larvee were found in the field as 
early as June 18, indicating that moths must have emerged as early 
as June 1. In 1915 the larve appeared in the field about the same 
time as in 1916. The data relating to emergence of moths in 1916 
are given in Table II. 


Confirmed by writer. 
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TABLE II.—Time of cmergence of adults of the hickory tiger-moth at North 
East, Pa., 1916. 


Total | Number | Number Total | Number | Number 
Date of emergence. | number of of Date of emergence. | number te) of 

of moths.| males. | females. ofmoths.| males. | females. 
MUNOW Oe seiaieien so 1 a BS cea. ao AMINE 1G Fe so oceeeeae Dil tisictwaeieias 1 
On SATS 1 A Bee Seeece cleo Locmtee eects 1 1 
ONS ea ere 4 3 1 22 ee TIRES 3 d )psehcesh: 1 
Eee pete 8 7 1 DABS Saeces cee os Be ae 1 

1h Saas Goce & 3 1 

i oesdaodre 3 2 1 Totalecss- ee 25 17 8 


LENGTH OF EGG STAGE. 


The length of the egg stage, based on records from 4 egg masses 
deposited in 1916, was 15 to 16 days. Two masses of eggs deposited 
June 15 hatched July 1; one mass deposited the same day hatched 
July 2; the fourth mass, deposited June 16, hatched July 3. 

DURATION OF LARVAL FEEDING PERIOD. 


The duration of the larval feeding period varies greatly. Miss 
Soule (8) records rearing one colony from egg to cocoon in 47 
days, which passed through only 7 instars. During the season of 
1915 larvee reared by the writer on Japanese walnut required from 
62 to 85 days from egg to cocoon, averaging 74.73 days. (See 
Table II.) 


Table IIl.—Duration of the larval feeding period, North Hast, Pa., 1915. 


Duration Duration Duration 
Number of} _ of larval Number of | of larval Number of | of larval 
individuals.) feeding individuals.| feeding individuals.| feeding 
"period. period. period. 
Days. Davrs. Days. 
1 62 1 72 2 7 
1 €4 2 74 2 80 
1 66 1 78 1 82 
1 68 2 76 1 85 
1 70 1 7 |———c—_jqcx 
1 71 3 78 22 174.73 
1 Average. ~ 


During the season of 1916 larve reared on the same food plant 
required 80 to 100 days, averaging 89.04 days. (See Table IV.) 


TasLE I1V.—Duration of the larval feeding period, North East, Pa., 1916. 


Duration Duration Duration 
Number of| of larval Number of} of larval Number of} of larval 
larve. feeding larve. feeding larve. feeding 
period. period. period. 
Days. Davs. Days. 
3 80 15 88 2 94 
2 82 31 89 2 95 
4 83 26 90 1 96. 
9 S &4 4 91 1 100 
6 85 6 o2 — 
21 86 8 93 145 1 §9. 04 
4 87 


1 Average. 
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THE HickorRY TIGER-MoT 


Larve on apple leaves, ninth instar. (Original.) 
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STAGES OF THE HICKORY TIGER-MOTH. 


Fic. 1.—Larve, first instar. Fic. 2.—Fourth instar. Fic. 3.—Seventh instar. Fig. 4.—Eggs. 
(Original.) 
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THE Hickory TIGER-MOTH AND STAGES. 
Fig. 1.—Adult. Fic. 2.—Pupe. Fic.3.—Cocoons. (Original.) 
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The larve reared in 1915 passed through only 8 instars, but the 
majority of those reared in 1916 passed through 9 instars. This 
could not have affected greatly the time required for development, 
however, as the few larve which passed through only 8 stages in 
1916 required an average of 88.71 days. In 1915 the larve were 
reared under natural conditions in bags on a tree, whereas in 1916 
all lots but one were reared in battery jars. The one lot of 22 larve 
reared on the tree in 1916 required from 85 to 92 days from ege to 
cocoon, with an average of 87.18 days, very nearly the same as that 
of those reared in confinement. : 

No explanation is offered for the difference in time required for 
development of larvee in the two seasons, but it should be stated 
that the season of 1915 was excessively rainy, whereas the 1916 sea- 
son was excessively dry. It is probable that humidity affected the 
rate of development either directly or by its effect upon the food 
plant. 

The duration of the larval feeding period varies somewhat when 
different food plants are used. The development of those reared on 
apple was similar to that on walnut, but a little slower, and the 
larvee passed through only 8 stages. The shortest period required 
for development from egg to cocoon was 89 days and the longest 
was 96 days, with an average of 92.87 days. 

Pear seemed a slightly more favorable food plant than apple. The 
development of the larve was more rapid, and although the majority 
passed through only 8 stages a few passed through 9 stages. Eight- 
een larvee which passed through 8 stages required from 87 to 91 
days, with an average of 88.77 days; 5 larvee which passed through 
§ stages required from 98 to 100 days, averaging 98.40 days. 

The duration of the stages of larve reared on Japanese walnut 
during the season of 1916 was as follows: 

First stage: Minimum 6 days, maximum 7 days, average 6.12 days; 232 
larvee reared. 

Sccond stage: Minimum 4 days, maximum 7 days, average 4.78 days; 232 
larvee reared. 

Third stage: Minimum 5 days, maximum 7 ae average 5.62 days; 232 
larvee reared. 

Fourth stage: Minimum 6 days, maximum 7 days, average 6.02 days; 232 
larvee reared. 

Fifth stage: Minimum 6 days, maximum. 8 days, average 6.25 days; 232 
larve reared. 

Sixth stage: Minimum 6 days, maximum 13 days, average 8.52 days; 145 
larve reared. 

Seventh stage: Minimum 8 days, maximum 20 days, average 12.33 days; 145 
larvee reared. 

Highth stage (excluding larve that completed their feeding period in this 
stage) : Minimum 13 days, maximum 25 days, average 18.03 days; 138 larvze 
reared, 


10 BULLETIN 598, U. S. DEPARTMENT OF AGRICULTURE. 


Bighth feeding stage (including only larve that spun cocoons at end of this 
instar): Minimum 19 days, maximum 29 days, average 23.29 days; 7 larve 
reared. 

Ninth feeding stage (until spinning of cocoons): Minimum 18 days, maxi- 
mum 26 days, average 20.95 days; 188 larve reared. 

The period covered by the rearing records in 1915 began when the 
larvee under observation hatched, on July 17, and continued until 
time of spinning cocoons, which extended from September 17 to 
October 10. In 1916 the earliest larvee hatched June 30, and the 
first cocoon under observation was spun September 24 and the latest 
October 10. 


DURATION OF PREPUPA PERIOD. 


The larva period in the cocoon at North East, Pa., in 1916 aver- 
aged between 7 and 8 days. Of 19 larve which spun cocoons on 
September 24, 25, and 26, 10 pupated in 7 days and 9 in 8 days. 


HABITS. 


THE LARVA. 


Larve from the same egg mass hatch almost simultaneously and 
upon hatching eat the greater part of the eggshells. They are gre- 
garious in the early stages, and even in the later stages molt together. 
During the first four stages they feed gregariously, beginning to scat- 
ter in the latter part of the fourth. If during the first three stages 
a larva is separated from its fellows and is placed on a separate leaf 
or shoot, it will invariably find its way back to the others within a 
few hours. When one leaf or shoot is stripped the larve move in 
mass to another, often to another part of the tree. 

After the fifth stage the larvee scatter more or less and are solitary 
except about molting time. Often they migrate to trees quite a dis- 
tance from the one on which the colony started. After the last molt 
the larvee scatter widely. 

The molting of the majority of larve from a given egg mass is 
almost simultaneous, and at this time the gregarious habit is most 
pronounced. Even after larve have scattered over a tree they come 
together to molt. A short time before molting a silken mat is spun 
upon which the larve rest for about a day before the early molts 
and sometimes. for several days before later ones. This molting mat 
is spun upon a leaf or bunch of leaves, and sometimes before the later 
nvolts on the side of a branch or tree trunk. At each molting period 
there are often a few larvee which fall behind and fail to molt with 
the rest. These invariably develop very slowly and usually do not 
mature. 


ORCHARD INJURY BY HICKORY TIGER-MOTH., 11 


Feeding injury is seldom conspicuous and usually unnoticed until 
the third or fourth instar is reached when the larve become very 
voracious. Larve in the first stage are surface feeders. Those on 
walnut and pear feed on the underside, eating nearly to the up- 
per epidermis. Those on apple and quince feed on the surface. 
On these food plants the larve eat the leaf tissue as they go, while 
larvee on cherry and oak leave patches of surface uneaten and also 
may feed on either upper or lower surface of the leaf. Larve in the 
second stage feeding on walnut and in the third stage on pomaceous 
fruits feed at the edge of the leaf, eating everything except the 
thicker leaf veins. 

The cocoon is spun among leaves or in protected situations on the 
ground. If the infested trees are in the neighborhood of buildings 
cocoons may be found under boards, behind doors, or in similar 
situations. 


THE PUPA. 


The pupa hibernates on the ground. Moisture is probably neces- 
sary for successful hibernation, for from 36 cocoons wintered out 
of doors in a screen basket 25 moths emerged, whereas from 21 
cocoons wintered in the insectary in a battery jar and protected from 
snow and rain, but exposed to the same temperature conditions, none 
emerged. 

THE MOTH. 


In emerging the moth usually breaks the pupal skin and then 
forces its way out of the end of the cocoon. If the cocoon is very 
“loosely constructed the pupa may break out of it before eclosion, but 
this is not usual. 

Copulation has been noted as early as the day of emergence and 
oviposition as early as 3 days thereafter. One moth continued ovi- 
positing for 2 days, day and night, apparently without interruption, 
adding eggs to the same egg mass. Oviposition is performed de- 
liberately. The moth’s wings are folded back at rest at this time. 

Moths oviposit readily in cages without being fed. They seem 
to prefer to oviposit on Japanese walnut leaves but will place eggs 
on cheesecloth or on the sides of the cage. The moths are very 
~ sluggish and can be handled easily in cages. 


PARASITES. 


This insect is remarkably free from parasitic enemies. None has 
been reared by the writer, and as far as he is aware only one species, 
Pimpla pedalis Cress (18), has been recorded. 


12 BULLETIN 598, U. S. DEPARTMENT OF AGRICULTURE. 
~~. 
ECONOMIC IMPORTANCE. 


Injury by this insect is intensive and not extensive. It is due to 
the gregarious larve of the early stages which strip branches and 
sometimes small trees of their foliage. The injury to young trees in 
particular may be severe. After the gregarious habit is lost the 
larve scatter so widely that the injury done by them is inconspicuous. 

Infestation by this insect so far as the writer has observed is not 
general even within an orchard. Several colonies of larve may be on 
one tree, but the writer has never seen a large tree completely stripped. 
Usually damage occurs in young orchards on which the codling- 
moth sprays have not been applied. The increasing importance of 
the cultivated walnut trees in the northeastern United States prob- 
ably will cause this pest to become correspondingly more important. 


CONTROL. 


Spraying with arsenicals is the usual recommendation for the con- 
trol of this pest. In orchards which have been thoroughly sprayed 
for the codling moth the writer has never noted an infestation. 
Nevertheless, the caterpillar soon becomes very hard to poison, and 
very large amounts are required to kill it in the later stages. 

If control measures are not adopted until the larvee are in evidence, 
they probably will not be applied until some of the larve are in the 
third or fourth instar. Spraying at this time is likely to produce dis- 
couraging results. Two trees infested with colonies of fourth-stage 
larvee were sprayed with arsenate of lead July 31, 1915; on one the 
poison was applied at the rate of 3 pounds (paste) to 50 gallons and 
on the other 5 pounds (paste) to 50 gallons. None of the larve died 
until two days later on the tree sprayed with the larger amount of 
poison, and not until three days later on the tree sprayed with the 
smaller amount. On the tree sprayed with the smaller amount about 
10 per cent of the larve survived. It was evident that unless they fed 
on poisoned leaves continuously for some time they were not affected 
at all. Unless the larve are confined on a sprayed tree they are very 
likely to migrate to another before eating enough to kill them. 

In the gregarious stages colonies of these larve are easily collected 
and destroyed. When the infestation is scattered throughout an 
orchard this method is much the cheapest that can be employed and is 
entirely effective. 

On young orchards which would not receive the spring spray ap- 
plications for the codling moth, an application about the last of June 
cf arsenate of lead (paste), 3 pounds to 50 gallons of liquid, would 
be of value in preventing injury by this pest. 


! 
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INTRODUCTION. 


The striped peach worm ((Gelechia confusella Cham.), although 
described in 1875, has received little notice as an economic species. 
The larvee feed in conspicuous webs on the foliage of the peach and 
on sand cherry (Prunus pumila) in smaller but more compact webs. 
While at present this insect is not a major pest on peach, the larve 
have been observed feeding on sand cherry in such numbers as to 
web nearly every terminal, partially defoliating the host plant, 
and this shows the latent possibility of extensive injury to peach or- 
chards. 

Under the direction of Dr. A. L. Quaintance, Entomologist in 
Charge of Deciduous Fruit Insect Investigations, the writer studied 
the biology and habits of the insect during the seasons of 1915 and 
1916. The biological data secured, together with descriptions of all 
the stages and suggestions for control, are recorded in this paper. 

1The writer is indebted to the following members of the Bureau of Entomology staff: 
To E. H. Siegler for the photograph used in Plate I, figure 1; to H. K. Plank for Plate 
II, figure 1, and Plate III, figures 1, 2, and 3; to J. H. Paine for Plate II, figures 2 and 


3, and to F. L. Simanton for determining the place of oviposition on sand cherry and 
for conducting thespraying work in connection with the remedial measures, 
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The life-history studies were started at Benton Harbor, Mich., in 
1915 and completed in 1916. 

Adults were reared separately from larvee collected on the two host 
plants and were identified as Gelechia confusella, by Mr. August 
Busck, of the Bureau of Entomology. 


HISTORY. 


The adult of Gelechia confusella was first described by Chambers 
(1) in 1875, but with no mention of the source of his material. 
Pettit (4), under the heading “A new peach worm,” writes as 
follows: 

A number of worms working in peach leaves were received from Mr. T. D. 
Atkinson, of Holland, Mich., on September 17. They were lepidopterous larvze 
and were said to be very troublesome. The same species was received on July 
3, 1899, from Monroe, Mich. One or two complaints were made from other 
places, though no specimens were sent. 

These are apparently the only published accounts of the occurrence 


>f this insect. 
SYNONYMY. 


In 1899 Pettit (4) described the larva of this insect and figured 
the larva and pupa, designating them “ Peach leaf-binder, Depres- 
saria persicacella Murt.” In the same publication (5) the adult is 
described as Depressaria persicaeella by Miss Mary E. Murtfeldt, of 
Kirkwood, Mo., from material sent her by Mr. Pettit. Miss Murt- 
feldt (6) changes Depressaria persicaeella Murt., to Gelechia. 

Dyar (7) lists Gelechia confusella Cham., with persicaeella Mutt. 
as a synonym. Busck (8) lists Gelechia confusella Cham. with 
synonyms Depressaria persicacella Murt. and Gelechia persicacella 
Murt., and makes the following note: 

Cotypes of Miss Murtfeldt’s species are in the United States National Mu- 
seum under type No. 4697. The species is very close to the foregoing, and I 
have no doubt is the same as Chambers’s Gelechia confusella, the type of which 
is lost but the description of which tallies in every detail with the peach feeder. 

In 1904 Pettit (9), under the name “The striped peach-worm 
(Gelechia confusella) ,” copied part of his former description and re- 
produced the figures of the larva and pupa of 1899, designating them 
as the “striped peach-worm.” The synonymy stands: 

Gelechia confusella Cham., 1875. 
Depressaria persicaeella Murt., 1899. 
Gelechia persicaeella Murt., 1900. 

The writer has accepted the name “striped peach worm,” as it 
seems to distinguish this insect from all other peach feeders and 
briefly describes the larva, which is the only stage commonly seen. 
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1 Reference is made by number to “ Literature cited,” p. 14. 
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FOOD PLANTS. 


Previously published notes have recorded G. confusella as feed- 
ing only on peach foliage. During July, 1915, the writer observed 
a webbed condition on sand cherry (Prunus pumila) (Pl. IV) 
which resembled somewhat the injury already noted on peach (PI. 
T), though the webs were more tightly bound and less silk was ob- 
servable. The injury was so extensive and uniform over a sand- 
cherry thicket of about 15 acres in extent at this place near St. 
Joseph, Mich., that it seems probable that this is the native host plant 
of the insect. 


FEEDING HABITS OF THE LARVA. 


The larva feed either singly or gregariously on both host plants, 
and, though not voracious feeders, by their well-developed web- 
bing habit include in their webs much foliage that is not used as 
food. The larve begin webbing directly after hatching, even before 
they feed, and usually spin the first thin white web on the underside 
of the leaves next to the midrib. They begin feeding next to the 
midribs of the leaves, first eating small irregular holes through the 
parenchyma and later skeletonizing either or both leaf surfaces. 


CHARACTER OF INJURY ON PEACH. 


The injury to the peach is caused by the feeding of the larve on 
the foliage. The webs spun by the larve are loose, with considerable 
silk showing, and are often very conspicuous. The leaves soon be- 
come dry and cease to function, when included in the webs. 


CHARACTER OF INJURY ON SAND CHERRY. 


The webs on the sand cherry are small and compact, with only a 
little silk showing, but in the fall the infested terminals and branches 
become prematurely brown and conspicuous. Feeding is confined to 
the foliage, and, although in rare instances the webs are constructed 
about fruit, in no cases have larve been observed to feed on the 
fruit. Larve of varying sizes are found in the same webs, indicat- 
ing the probability of repeated oviposition in the same terminal. 
From 2 to 12 larve are usually found in the webs on the separate 
terminals, although the number is sometimes as high as 30. In most 
cases observed when there was only one web on a branch it was 
located at the terminal, but when more than one was present the 
webs started from the base as well as from the terminal. As the 
larvee enlarge the webs, they extend them along the branches, gradu- 
ally including more and more foliage. 
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DESCRIPTION. 


THE ADULT. 
(Pl. III, fig. 3.) 


Because of its completeness the description of the adult is copied 
from Murtfeldt: 


Antenne dark fuscous, indistinctly pectinate and banded on the under side 
with pale buff. Palpi long, exceeding the vertex. Basal joint short, pale; sec- 
ond joint one-third longer than apical. Brush quite dense, distinctly divided, 
dark fuscous overlaid with cream-coloured scales, palest on inner side. Apical 
joint dark, very slender, with extreme tip cream white, most conspicuously so in 
6. Tongue long, sparsely scaled. Vertex dark brown. Face cream white. 
Thorax and tegule purplish-brown. Fore wings almost black, with rich purplish 
gloss, and sparsely sprinkled with white scales. On the costa back of the apex 
is a Small, irregularly triangular, cream white spot, and a few scattered scales 
of the same colour form an obscure outer border. In the cell near its upper mar- 
gin are two somewhat indefinite, cream-coloured dots in line, with a third one 
below and slightly back of the one nearest the base. Cilia fuscous, shading 
outward to gray. Lower wings shining silky, cinereous, almost silvery. Abdo- 
men pale brown, terminal segment banded with buff at posterior margin. Lat- 
eral tufts buff, inconspicuous; anal tuft reddish-brown. Under surface spec- 
kled with brown and cream. Legs brown, annulate with cream white at the 
joints and middle of the tibie. Alar expanse from 16 to 17 mm. 


THE EGG. 


(Pl. II, fig. 3.) 


The egg is bluntly elliptical, somewhat flattened at the smaller 
attached end; length, 0.57 mm.; greatest width, 0.42 mm. The color 
is clear white when newly deposited, changing within 24 hours to a 
creamy yellow, the surface smooth and shiny without markings. 
About 24 hours before hatching the eggs change to a pearl gray color. 


THE LARVA. 
(Pl. Il, fig. 1.) 


The newly hatched larva is about 1.5 mm. in length and is yellow- 
ish white in color, with head and thoracic shield fuscous. The reddish 
brown stripes are discernible after about 9 days and as they develop 
they give color to the larva. A detailed description of the full-grown 
larva is copied from Pettit: 

The larva, when full grown, is three-eighths of an inch in length and quite 
slender. Its color is dirty yellowish-white with back and sides marked by 
six reddish-brown longitudinal stripes all of which extend the entire length 
from the thoracic shield to the caudal extremity except the pair on the - 
dorsum which unite on the last segment and terminate there. Last segment 


bordered caudally with fuscous and base of anal pro-legs colored the same. 
Venter marked along the middle with a stripe like those on dorsum and sides, 
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which are about equidistant from each other and of about the same width 
as the spaces between them, color reddish-brown. Some of the spaces (yellow- 
ish-white) have dark points in them. Head and thoracic shield yellowish- 
brown, feet fuscous and dirty yellow. Four pairs of pro-legs beside anal pair 
which are of the same color as the ground color of the body. Base of anal 
pair black. 

Mature larve (PI. II, fig. 1) were found to vary from three- 
eighths to five-eighths inch in length, and in color to vary from 
yellowish white with poorly defined stripes to a clear white with 
vivid venetian-red stripes. There is an anteriorly directed semi- 
circular black patch over each ocellar area. 


THE PUPA. 
(Pl. IL, fig. 1.) 


The pupa is unusually broad across the thoracic region, slightly 
flattened dorso-ventrally and quite variable in size. The average di- 
mensions of 10 were found to be 6.3 mm. by 2.6 mm. When newly 
formed, the pupa is a hight brown, changing later to a dark brown, 
the head, thorax, and ventral region obtaining a much darker color 
than the other regions. The wing pads are long, extending to cover 
all but the 3 posterior segments of the abdomen. 


THE COCOON. 
(Pl. III, fig. 2.) 


This species differs from many of the genus in that it pupates nor- 
mally in the soil. The larva enters the soil to a depth of about one- 
half inch and spins a white silken cocoon, which it incloses in fine 
soil particles and to the outside attaches coarser particles. Within 
this cocoon the larva pupates. The average size of 38 cocoons meas- 
ured was 9.3 mm. in length by 4.4 mm. at the greatest width, slightly 
flattened to conform to the pupz and usually distinctly curved. 


SEASONAL HISTORY AND HABITS. 


The following seasonal-history records were started at Benton 
Harbor, Mich., during the season of 1915 and were completed in 1916, 
in open-air insectaries in which glass battery jars, were used as rear- 
ing cages. In all cases peach foliage was used as food for the larve. 
There is one full brood and a partial second brood. 

_ The rearing studies began with the collection of a quantity of 

larvee September 3, 1914. These overwintered, and the moths which 
emerged were used for part of the 1915 records. The rearing ma- 
terial for 1916 was that kept from the season of 1915, together with 
moths emerging from pupe collected in May, 1916. 
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EMERGENCE OF SPRING BRGOD OF MOTHS, 1916. 


The earliest emergence of moths took place on May 22 and be- 
ginning on June 5 was quite regular until July 14, with the maxi- 
mum emergence on June 29. 


TABLE 1.—EHmergence of spring brood of moths of the striped peach worm in 1916. 


Date of Number Date of Number Date of Number Dateof | Number 
observation. | of moths. || observation. | of moths. || observation. | of moths. || observation. | of moths. 


DUNES sees 1D) } ANE s = ose 60 || July 13....... 


May 22... 1 3 
May 30. PA ||) Uietare) jo SS oe SOU naliy Dee eee a¥ou Abi ee 3 
dpi De esas | HEU O eee 24a} |i cily 4 ee eee 14 —_-— 
Ui Os soeoe AA une gee Syl ||| Althea 58S 3 Total... 364 
JME} SW) dharaveal oie Deol | viuliyalane acess 18 
June Os eee 6) |||, Sune2seeesee 43 || July 10..-..-. 4 
une lee eae 3) oUNe 2 eee ii foal wa Dy gel ae eerne 2 


OVIPOSITION OF SPRING BROOD OF MOTHS. 


As the moths emerged they were placed in jars with peach foliage 
and fruit. The moths oviposited freely in confinement whenever 
fruit was supplied in the oviposition jars. The eggs were deposited 
both on the fruit (PI. II, fig. 2) and under the scales surrounding the 
attachment of the peach to the stem. Ina single instance one egg was 
found in the axil of a peach leaf. On the sand cherry the eggs were 
found under the bud scales at the base of the current season’s growth 
and in the axils of the leaves as indicated by the circles shown in 
Plate IV, figure 1, a. The occurrence of the eggs on the peach under 
orchard conditions was not noted. From Table III it will be seen 
that in 1915 eggs were being deposited in the jars from June 2 until 
June 26. 


LENGTH OF LIFE OF MOTHS OF SPRING BROOD. 


The length of life of 20 adults which were provided with a weak 
solution of clarified honey for food is shown in Table IT. 


TABLE II.—Length of life of 20 moths of the spring brood of the striped peach 
worm, 1916. 


Number of Days of Number of Days of 
moths. life. moths. life. 

1 4 3 14 

5 6 1 16 

5 | 9 1 28 

4 12 | 

| 20 

Maxineumalens thoes on.) 2a ts se A eer ene Hees ok ee pin atan or days.. 28 
Minimumilensthomlites: ee sa es et ee ee ee eee eee do 
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The average length of life of the adults is seen to be 10.6 days. 
From observations made in 1915, however, one adult was found to 
live 31 days, and eight moths emerging previous to May 24 were 
alive a month later. These moths were not supplied with food. 


HABITS OF THE MOTHS. 


The adults are not often seen in the field because of their small 
size and inconspicuous coloring. They are difficult to follow when 
seen because of their habit of short irregular flights and their re- 
semblance when at rest to the color of the twigs of the host plant. 
The characteristic resting position is shown in Plate IIT, figure 3, 
_ from a photograph of a live specimen. One pair of adults was ob- 
served in copulation in a rearing cage on June 21, 1916, at 10.30 
a.m. The heads of the male and female were in opposite directions 
and no parts were in contact except the genital organs. Both moths 
remained quiet during copulation. 


FIRST BROOD. 


INCUBATION. 


In Table III the incubation period for the eggs deposited each day 
is shown. It will be seen that there was a variation of from 10 to 
19 days in the incubation period, and even with eggs deposited the 
same day on the same fruit and thus subjected to the same external 
conditions there was a variation of five days. The average length 
of the incubation period was 13.18 days. 


TABLE IIl.—Jncubation period of first-brood eggs of the striped peach worm at 
Benton Harbor, Mich., 1915. 


Number Number 
Date of Date of 
ofeggs | Dateof | Number | ofeggs | Date of | Number 
CEOs: depos- | hatching.| of larve. Egg stage. | Pact depos- | hatching.| of larvee. Egg stage. 
ou ited. | ited. 
Days. Days. 
June 2... 11 | June 15. 11 13 June 26 2 10 
June 16.. 1 13 | June 16 6 |4June 27 2 11 
June 3... 6 |{ June 19.. 2 14 June 28 1 12 
June 20.. 1 15 duneds i3 ag 
June 5... 4 | June 21.. 3 16 | June 
June 20... 23 14 || June 18 2) te 20 5 12 
June 23.. 17 | y 
Tuneib--- 28 tt 24 3 1s | June 20.. 4| June 30 2 10 
June 25.. 1 19 || June 26.. 5 | July 7 1 11 
June 10.. 2 | June 23.. 2 13 
June 12_. 20 | June 26.. 20 14 Total MU Sti Mecca MOT earns 
June12.. 3 | June 27.. 2 15 


Maa UNE StACE SA eeS SE Pe ee ee By ee ee eee ey ae A ele Se dag. 
METI UMS OTSLACC es aes 2a ea ten oar Ree ee ERE pete OU cecinc tees do. 
INVCLAPE OES Stage sess fete ys) eo aie Peete ae! eh eeeeleges . Ree do.. ae 18 
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FEEDING PERIOD OF FIRST-BROOD LARVA. 


The feeding period of the larve in the rearing cages in 1915 ex- 
tended from June 15 to August 5. In 1916, larvee were feeding from 
June 22 until August 1 as shown in Tables IV and V. The longest 
feeding period recorded was 48 days, the shortest 22 days, and the 
average 29.6 days for transforming larve, and 34.2 days for over- 
wintering larve. On July 28, 1915, the writer came upon the in- 
jury on sand cherry. The infestation was at its height and prac- 
tically all the insects in the larva stage. By August 11 about one- 
half the larvee had left the webs and newly formed pupz were to 
be found in the soil. Observations made on September 14 showed 
that from 95 to 98 per cent of the larvee had left the webs. 


TABLE [V.—Length of feeding period of transforming first-brood larve of the 
striped peach worm, 1916. 


Date of | Number Date of | Number 
Date of hatching. |ofcocoon-| of Pays of Date of hatching. | cocoon- of fe te of 
ing. | cocoons. | 1¢¢@8- ing. | cocoons. | *&&¢8- 

July 20 1 AS ||| GRUPO OR sa gooscco ease July 17 2 22 
July 22 3 30 OR ees July 20 2 5 
July 24 1 32 LDYo peers Ms ies July 26 1 31 
July 26 1 34 ee 
July 27 2 35 Totale ea anes) re eee TEED Is Says Se Z 
July 28 1 36 

Maximum length of feeding period . ie FOE YOE Yar 2 sae RT ae Sees SAE Se eee days. - 

Minimum length of feeding period ...........-...--..-------- +--+ +--+ +--+ 2-22-2222 do.. 

Average length of feeding period...-..-.-.------------.------ 0-22-22 eeeeeeeneeees do.. 29.6 


TABLE V.—Length of feeding period of wintering first-brood larve of the striped 
peach worm, 1916. 


Date of | Number | Date of | Number 
Date of hatching. | cocoon- of 2 aye of Date of hatching. | cocoon- of eouiee 
ing. cocoons. | *°°!8- ing. cocoons. S 
MUN} 22 = ee ae July 20 2 Q8ei UnNete2 nee eee Aug. 9 1 48 
Ornee rose ee July 23 1 Sia Juneloneane eee July 17 1 22 
AD Yo yes ees Si ahh July 24 2 32 Doses s...| July 26 3 31 
Boyer ta Sem a July 27 1 35 || July 5 5 July 31 1 26 
IDO ee July 28 4 3 Ope ae Aug. 1 27 
TB Yosef ten ie or et July 31 3 39 
DG), Sh eS July 30 2 38 Motal ss 28s soe ae D3 Seo eeeece 
ID Yoaerines Sareea Aug. 8 1 47 
Maximum length of feeding period...............-.--------------+------------ days.. 48 
Minimum)! lenethiofteedingiperiod- =. 22 sees eee ee eee oes =e ee ee do.. 22 
Averapellength of feeding period._ 1... ...- 222222222222 22 22-252 - seen ---- <= do.. 34.2 


CocooNING OF First BRroop. 


Cocooning takes places in the soil at an average depth of one-half 
inch, in fine sandy loam in the rearing cages, and this was found to be 
the usual depth in the soil in the field where the pupe were found. 
Of a total of 203 individuals recorded, 31 pupated on the surface of 
the soil, 154 in the upper half inch, 18 in the second half inch, 
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WORK OF THE STRIPED PEACH WoRM (GELECHIA CONFUSELLA). 


Injury to peach foliage and characteristic webbing. From photograph of limb taken from orchard. 
About one-half natural size. (Original.) 
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THE STRIPED PEACH WorRM (GELECHIA CONFUSELLA). 


Fic. 1.—Views of larvee: a, Dorsal; 6, lateral; c, ventral. All enlarged about 6 times. Fic. 2.— 
Eggs on peach, about natural size. Fic. 3.—Eggs enlarged about 11 times, (Original.) 
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THE STRIPED PEACH WorRM (GELECHIA CONFUSELLA). 


Fig. 1.—Views of pupz: a, Lateral; 6, dorsal; c, ventral. Enlarged about 9 times. Fic. 2.— 
Pupal case, enlarged about 10 times. Fia. 3.—Adullt, enlarged about 11 times. From photograph 
of living specimen showing natural position when at rest. (Original.) 
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WoRK OF THE STRIPED PEACH WORM (GELECHIA CONFUSELLA). 


Fic. 1.—a, Sand cherry terminal uninjured. Circles indicate place of egg deposition. 6, Sand cherry 
terminal in early stage of injury by larvee, lowest leaf showing skeletonizing. Fic. 2.—Sand cherry 
terminal completely webbed by larvae. All reduced about one-third. (Original.) 
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and none deeper. The larve in the rearing cages cocooned from July 
17 to August 9, but nearly full-grown larvee collected on sand cherry 
August 11 were cocooning from August 12 until September 14. The 
dates of cocooning for the season of 1916 are shown in Tables IV 
and V, and the length of the period in the cocoon for 17 individuals 
is shown in Table VI. The average length of the period in the 
cocoon was determined to be 12.4 days; the longest period, 21 days; 
and the shortest period,.9 days. 


TABLE VI.—Length of time spent in the cocoon by the first brood of the striped 
peach worm, 1916. 


Date of Date of 
Number . Number A 
= moth Days in : moth | Daysin 
Date of cocooning. ren ns; emer- | cocoon. Date of cocooning. ea emer- | cocoon. 
“| gence. *| gence. 
Rut hale eS eee 2| July 28 WE WP ANU NA PTS 5 eo aaroesos 1 | Aug. 11 
Litik72 Daa ees s 3 ug 12 DOP see ce sace 1 | Aug. 9 13 
uly? SEV SAT oe 2| Aug. 2 11 || July 28.. 1 | Aug. 18 21 
Osea Ep 1} Aug. 4 135} | ANI SALE ays ee 1 .do.. 17 
ulys2e Se 1} Aug. 6 1S :| | PAUSHOS Se AS ess ae Ie adons 15 
Uibihy 2s oes eee 1} Aug. 4 10 
juve 2oees ete 2|...do.... 9 Total....2... AU? al Se ASO RIE NEES 
Maximum length of time in the cocoon....................--.-----------00-- days.. 21 
Minimum length of time, im the\cocoom. 3. os -sc.sessssseo- sce ces sceeetonee cece do.. 9 
Average length of time in the Cocoon... ... 2-2 2..-sccs sce ecsssncccceceeteccccess do.. 12.4 


EXMERGENCE OF FIRST-BRoop MOTHS. 


TABLE VII.—Hmergence of first-brood moths of the striped peach worm at 
Benton Harbor, Mich., 1915. 


Date of emergence. | Number of moths. || Date of emergence. | Number of moths. 

Male. | Female. Male. | Female. 
SAG Nia Sea es 0 4 ae 0 3 
VANE ve bie ettsctsias 0 1 1 0 
IN oD ae aes eee 0 3 1 0 
PAUL Oe Tava trinhayn setae 0 4 0 2 
JNO ae SO Eee 0 3 1 1 
AVIS. AOE: eosee 0 9 1 0 
ENERO Eee ewees 3 1 0 2 
PATIO PAL DS Bo Saipan 2 0 2 0 1 
Aug. 14........-. 0 1 2 3 
9 40 


Table VII shows that first-brood moths were emerging rrom 
August 4 until September 12 in 1915, with the largest number on 
August 10. From 683 larvee collected on sand cherry July 28 only 
two moths subsequently emerged that season—one on August 28 and 
the other on September 9. The dates of emergence of first-brood 
moths in 1916 are shown in Table VI. 
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OVIPOSITION OF FiIRst-Broop Morus. 


Taste VIII.—Oviposition of first-brood moths of the striped peach worm at 
Benton Harbor, Mich., 1915. 


Date of Number Date of Number 
oviposition. of eggs. oviposition. of eggs. 
178 AvigGi Syst 2.8. S52 13 
20 ||| PACT onl O eeepeers ae eae 10 

10 —_ — 
Rotale ses. 237 


It will be seen from Table VIII that eggs were being deposited 
from August 15 until August 19, with the greatest number on August 
15. The oviposition records are from the moths recorded in Table 
VII; the late emerging moths failed to oviposit. On the morning of 
August 19, in transferring a peach on which eggs had been depos- 
ited, by mistake one moth was transferred. When the condition of 
the eggs was observed on the morning of August 23 the moth had 
deposited 42 eggs in addition to those previously recorded. 


SECOND BROOD. 


° INCUBATION PERIOD OF SECOND-Broop Eacs. 


TasLE IX.—IJncubation period of second-brood eggs of the striped peach worm 
at Benton Harbor, Mich., 1915. 


Date of ovi- Number | Date of | Number Egg 


position. 1 ofeggs. | hatching.| oflarvee.| stage. 

Days. 

ANDES iene aesioe, 26 | Aug. 31 14 15 

Bae MSS Sept. 2 16 

Sau etuen Ss Sept. 2 3 17 

access Sept. 3 1 18 

Seah oes Sept. 5 4 21 

IAT PN aes ae ee 11 | Sept. 1 5 15 

INES IEE Sn 13 | Sept. 2 8 15 

lathe none Se Sept. 3 1 16 

Aug. 19..... 17 | Sept. 3 17 15 

Total... GTi Sees Bee BD). |icatrretcreerere 

Maximum length of incubation period.._._.. days.. 21 
Minimum length of incubation period.....__- doseeeald 

Average length of incubation period.......... do.... 15.6 


In Table TX it will be seen that eggs began to hatch on August 31 
and continued to hatch until September 3; the average incubation 
period being 15.6 days. : 


THE EMERGENCE OF THE LARVA FROM THE EGG. 


The larva cuts the top of the eggshell with its mandibles and eats 
the part cut away. By a wriggling movement it forces its head and 
thoracic legs out of the shell and with these legs on the edge of the 
shell pushes the rest of the body out by the use of the caudal part 
of the abdomen. Of four individuals observed, 13 minutes was con- 


THE STRIPED PEACH WORM. 11 


sumed by each from the first cutting of the eggshell until the larva 
was entirely free. 
FEEDING PERIOD OF SECOND-BRooD LARVA. 


TABLE X.—Length of feeding period of second-brood larve of the striped peach 
worm at Benton Harbor, Mich., 1915. 


Date of | Number Days Date of | Number} Days 
Date of hatching. | cocoon- of of Date of hatching. | cocoon- of of 
ing. cocoons. | feeding. ing. cocoons. | feeding. 
7 10 45 Oct. 24 2 53 
9 14 47 Oct. 27 2 56 
12 1 50 Oct. 30 1 59 
15 1 53 Nov. 2 3 62 
24 1 62 Nov. 10 8 70 
30 1 68 Nov. 14 2 74 
9 4 39 Oct. 22 4 50 
12 2 42 Oct. 24 1 52 
24 11 54 Oct. 12 1 39 
12 2 4] Oct. 24 1 51 
22 8 51 
15 1 44e | ge) eLOtaleecs SA S| ee oe eck ee Col eae ene 
Maximumilene th oineedine perlod=--. 22.4: seeds esate ee eeee os fee sees aoe a days.. 74 
Manimumulenrth ofiesding Period =~ .--/=- 52.2 <ssea-c coe seen 2 seas aoe sees emacs do.... 39 
PAMer ace CHetniOnieeGine iD OLIOG </s cio) sik = eee Stas eee eee eee nae aes ee ne asapeee Gorgas o20L 


Larve were feeding from August 23 until November 14, the aver- 
age length of feeding period being 52.10 days. This late date of 
feeding is undoubtedly later than would have been possible in the 
field, for defoliation of peaches occurs previous to this date, al- 
though in the rearing jars the larve secured the foliage to the twigs 
by the silken webs in such a way that it could not drop. 


CocooNING OF SECOND-BRoop LARV2. 


Although cocooning normally takes place in the soil, 13 of 361 
individuals recorded pupated in the webbed foliage in which they 
had lived as larvee. These pupe were closely rolled in the individual 
leaves but not attached to them, and no cocoons were formed. The 
dates of cocooning are shown in Table X. 


SUMMARY OF SEASONAL-HISTORY STUDIES. 
Table XI shows a summary of the seasonal-history studies made 
on material in rearing cages during the seasons of 1915 and 1916. 


TABLE XI.— Summary of seasonal-history studies of the striped peach worm as 
observed by rearing during the seasons of 1915 and 1916. 


Number of days. 
Number 
Observation. Season.| ofindi- : i 

viduals. | 4 verage. ae Mink 
Length oflife of moths ofspring brood............-..-. 1916 20 10.6 28 4 
Incubation of eggs ot first brood...............-.------ 1915 118 13.18 19 10 
Feeding period of transforming larve of the first brood.| 1916 14 29.6 36 22 
Feeding period of wintering larve of the first brood ....| 1916 23 34.2 48 22 
Length of period in cocoon of first brood.........-..--- 1916 17 12.4 21 9 
Incubation of eggs of second brood.........--..-------- 1915 55 15.6 21 15 
Feeding period of second-brood larve..............---- 1915 81 52.1 74 39 
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PARASITES. 


While conducting the seasonal-history studies, it was found that 
the striped peach worm was parasitized by a number of insects. 
Table XII records the emergence of the Hymenoptera and Diptera 
which parasitized the 683 larve collected on sand cherry July 28, 
1915, and 60 pupe collected in May, 1916. 


TABLE XII.—Hmergence of parasites of the striped peach worm (Gelechia con- 
fusella), Benton Harbor, Mich., 1915 and 1916. 


Number of Number of Number of 
parasites. parasites. : parasites. 
Date of Date of Date of 
emergence. = emergence. = emergence. _ 
- ymen- . ymen- . ymen- 
Diptera. optera. Diptera. optera. Diptera optera 
1915. 1915, 1916. 
Aug. 12.. 0 3 Sept. 2 0 1 June 18 Cia Paes 
Aug. 13... 0 3 Sept. 3... 1 0 || June 23 os et eee 
Aug. 14... 0 1 Sept. 4 0 1 || June 25 IGE PRE Se eee 
Aug. 15... 0 4 || Sept. 10. 1 1 | June 29 OLN eees eee 2 
Aug. 17... 1 1 || Sept. 11 0 2 || July 2 IPA es emee sac 
Aug. 18. 0 1 Sept. 12 0 4 July 4 Sh ee eS eee 
Aug. 19. 0 2 || Sept. 14 2 0 || July7 HL OV es ee eters 
Aug. 21 0 2 Sept. 15 0 1 | July 10 WANA ES SERED 
Aug. 22 1 4 || Sept. 26 1 0 | July 12 Di) Soa tae 
Aug. 23 0 1 () 0 2 | July 13 6G EEL Eee 
Aug. 25.. 0 1 | . July 14... 91? Eases a 
Aug. 27 0 1 1916. () 17/9 || Sie SS 
Aug. 28 0 2, June 11... PyWlice met. 5s apre 
Aug. 29 0 1 June 13... OP, [tarsi shatters | Total... 108 40 
Sept 1... 0 1 June 15... Divalisecrere sty | 
1No record. 


The hymenopterous parasites were identified by Mr. R. A. Cush- 
man, of the Bureau of Entomology. Of 40 specimens submited, the 
different genera and species were represented as shown in Table XIII. 


Taste XIII.—Parasites reared from the striped peach worm (Gelechia con- 
fusella), Benton Harbor, Mich., 1915 and 1916. 


Number i 
A A - 4. | Stage of host col- Parasite 
Parasite, order and family. of nde lactone emerged from— 
HYMENOPTERA, 
ICHNEUMONIDAE. 
Angitia discoocellellae Vier......-..-.-..-.-.------ 20)\\"earvatessseeesae oe Pupa. 
Cremastus forbesii Weed .....--.-.---------------- eae GORE ao pcene ane No record. 
ChEMASTUSIS Dee ace sec eee ee aoe eee os eee eeee ieee doe sit eeeeeee Do. 
Epiurus indagator Walsh...........--.------------ 1 et lepers 0 eeeimoceonos Do. 
BRACONIDAE, 
VAR NICLESIOELCCILULCIN AC Gee eee ee eee ee eee eee Silicees (0 Ke ermonccoos Pupa. 
A scogaster carpocapsae Vier-...-..---------------- WO W\eSace Ona eneneeeee No record. 
Epirhyssalus atriceps Ashm.3 3,4 9 ...--.------- Uf |lscoos G@sessousscces Do. 
DIPTERA. 
TACHINIDAE— 
LELOTIStA PY SLOW Alka ss8 a deeipsace eee eee 2i\ecass GOne eee Reiss Pupa. 
Hrontinmanciila Wal kaa eet eee 61 | Larva and pupa... Do. 
BOMB YLODAE— } 


AMET OD CTOS Sa yaeeee cease aan seer eee 23) upaees saeee ee ee Do. 
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Gorreci Lon: oll, 


Page 8, last paragraph, First three lines should read as follows: 
"Gocooning takes place in the soil, The average depth was one-half 
inch in fine sandy loam in the rearing cages, and this was found to 
be the usual depth in the sand where the pupae were found,” 


THE STRIPED PEACH WORM. 13 


The dipterous parasites which emerged in 1915 were identified by 
Mr. Harrison E. Smith, of the Bureau of Entomology, and those 
emerging in 1916 were identified by Mr. W. R. Walton, Entomologist 
in Charge of Cereal and Forage Insect Investigations. 


REMEDIAL MEASURES. 


Experiments were conducted in 1916 to determine the efficacy of 
arsenical sprays in the control of the striped peach worm. Plats 
were laid out in a sand-cherry thicket and sprayed with arsenicals 
according to the formulas in Table XIV, all of the adjoining sand 
cherry serving as checks for comparison. 


TABLE XIV.—Hxperiments for control of the striped peach worm, Benton 
Harbor, Mich., 1916. 


rae Formula used. Date of 


spraying. Result of spraying. 


1 | Arsenate oflead powder, 1 pound to 50 gallons..| June 29 | 5 per cent of terminals webbed. 
water. : 
2 | Arsenate oflead powder, 14 pounds to 50 gallons'...do..... 3 per cent of terminals webbed. 


er. 
Sue Checkunsprayed cess. 22 fe sal U.S Ee eee 90 per cent of terminals webbed. 


At the time of spraying, a few of the larve had hatched and 
webbed a few terminals. The spray material was applied with a 
small compressed-air sprayer at a pressure of 70 pounds and sprayed 
just to the drip. The results of the spraying were very conclusive 
and both sprayed plats were almost entirely free from infestation 
when observed on September 19. 


RECOMMENDATIONS. 


The occurrence of the striped peach worm may be so local as to 
permit of the cutting out of the infested terminals or branches, and 
it will probably not occur in damaging numbers in orchards that are 
sprayed regularly with arsenicals for control of the plum curculio. 
Should the infestation be such as to warrant spraying, it is probable 
that a single application of arsenate of lead paste 2 pounds, or pow- 
der 1 pound, to 50 gallons of water to which 2 pounds of freshly | 
slaked lime is added, applied when the first webbing of the leaves 
appears, will satisfactorily control this insect. 
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INTRODUCTION. 


In an earlier publication’ there were given the results of the 
examination of a number of important American soil types for the 
presence of certain of the rarer elements for which reliable methods 
of analysis had been developed and which it seemed likely might 
occur in soils. 

When this work was completed, it seemed desirable to know 
whether the rare elements found in soils occurred in plants grown on 
these soils. If a certain element, though present in minute amounts 
only, is absorbed by a particular species of plant in relatively large 
quantities and occurs in other plants in traces only, it would seem 
reasonable to assume that the element in question has some physio- 
logical function. In such cases the element must be in the soil in 
sufficient quantity or added in the form of fertilizer. There is but 
little in the literature of plant physiology pertaining to the physio- 
logical action of the rarer elements in plant tissues. Frequently 
when culture experiments have been carried on the elements tested 
have been found toxic. 

Some of the rarer elements very much resemble the commoner 
ones in chemical reaction. Notable examples are the resemblarices 
of vanadium and phosphorus and of rubidium and potassium. 


1 Bul. 122, U. S. Dept. of Agriculture (1914). 
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In Wolff’s tables, which are the only comprehensive compilation 
of ash analyses, iron and aluminum are seldom differentiated, and 
the data given for sulphur are known to be too low.1. For the mat- 
ter under consideration in this paper these tables are of no value, 
for rarer elements were not considered. 

In the present work the number of elements sought for has been 
limited by the lack of accurate methods and the improbability of 
finding certain elements. Titanium, vanadium, chromium, molyb- 
denum, barium, strontium, lithium, rubidium, and caesium have been 
determined. 

Partly for the sake of completeness, and partly because the au- 
thors wished to find out if there has been a replacement by a less 
common but similar element, the commoner elements have also been 
determined. The data obtained are by no means complete. The 
variation of the composition of varieties was ignored; the varia- 
tion of the plant at different periods of growth and the variation 
in the composition of plants grown on different types of soil are 
only meagerly covered. 

The presence of some of the rarer elements in plants has been 
previously reported. The references given below include only those 
elements for which the plants used in this work were examined. 


BARIUM. . 


Hornberger? found 0.97 and 1.20 per cent BaO in two samples 
of ash from the trunks of copper beeches. He reports the results of 
earlier investigation in which the presence of barium in beech, oak, 
birch, and wheat is noted. Crawford * supposes the poisonous action 
of loco weed to be due to barium compounds. There is a compara- 
tively large amount of barium present (0.021 BaO in the dried 
plant), but Failyer* and Alsberg and Black*® have shown that many 
other plants, some of which are excellent cattle foods, contain more 
barium than the loco weed. Alsberg and Black report from 0.006 
to 0.030 per cent BaO in various dried plants. McHargue*® and 
Artis and Maxwell’ found barium in tobacco and some other plants. 
The amount reported varied from 0.010 to 0.128 per cent BaO. 
Other investigators have reported the presence of barium in plants, 
but it is not necessary to continue the reference list, since it is well 
established that barium is a common constituent of plant ash. 

1 Hart and Peterson, Wis. Agr. Expt. Sta., Research Bulletin No. 14 (1911). In most 
eases in Wolff’s tables the sulphur was determined in the ash after burning. Skinner, in 
Bulletin No. 116, Bureau of Chemistry, U. S. Dept. of Agr. (1908), has shown that 
cottonseed meal and mustard-seed meal lose $0 and 92 per cent, respectively, of their sul- 
phur when ashed. 

2QLand. Vers-Stat., 51, 473 (1899). 

* Bul. 129, Bureau of Plant Industry, U. S. Dept. of Agr. (1908). 

4 Bul. 72, Bureau of Soils, U. S. Dept. of Agr. (1910). 

5 Bul. 246, Bureau of Plant Industry, U. S. Dept. of Agr. (1912).. 


6 J. Am. Chem. Soc., 35, 826 (1913). 
7 Chem, News, 114, 62 (1916). 
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CAESIUM. 


Von Lippmann? found caesium in the ash of the sugar beet. 


CHROMIUM. 


The ash of the Scotch fir, silver fir, some vines, poplar, and horn- 
beam was found by Demarcay? to contain spectroscopic traces of 
chromium. Jorissen* found chromium in a sample of coal from 
Liege. While this may have been originally in plant remains, there 
is doubt about it, for the same author found chromium in the shales 
im which the coal was interbedded. 


LITHIUM. 


Gaunersdorfer * studied the poisoning of plants by lithium salts 
and found that lithium is a fairly constant but not an essential con- 
stituent of some plants. 

Tschermak* found spectroscopic amounts of lithium in a large 
number of plants, though in some kinds it did not appear to be pres- 
ent. It appeared more strongly in the leaves and small stems. 
Voelker ® found that an application of 200 pounds of Li,O to the 
acre was more beneficial than potash fertilization. Contrary to this 
experience, Ravenna and Zamorani‘ found lithium salts injurious to 
tobacco and poisonous to beans and oats. 


MOLYBDENUM. 


Demareay * reports spectroscopic amounts of molybdenum in vines, 
fir, oak, hornbeam, and poplar. Jorissen® detected it in coal from 
Liege. 

RUBIDIUM. 

Pfeiffer ° found 1.75 grams rubidium chloride per kilogram of ash 
from sugar beets. This element was also found in tobacco by the 
same author. Loew *° states that small amounts of rubidium chloride 
gave increased yields of Chinese cabbage, barley, and spinach. 


STRONTIUM. 


Haselhoff * states that strontium is taken up by plants and appears 
to replace calcium when there is an insufficient supply of that ele- 
ment. In water-culture experiments larger amounts of strontium 
salts are poisonous. 


1 Ber., 21, 3492 (1888). 

2Compt. Rend., 130, 91 (1900). 

® Bul. Sci. Acad. Roy. Belg., 178 (1905). 
4Landw. Vers.—Stat., 34, 171 (1887). 

®* Zeit. Landw. Versuchsw., 2, 560 (1899). 
6J. Roy. Agr. Soc., 65, 306 (1904). 

7 Atti. Accad. Lincei. (5), 2, 626 (1909). 

8 Loc. cit. 

2 Arch. Pharm. (2); 150, 97. 

10 Bul. Col. Agr. Tokyo, Imp. Univ., 5, 461 (1903). 
1 Landw. Jahrb., 22, 851 (1898). 
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TITANIUM. 


According to Salm-Horstmar,: titanium may exist in the ash of 
barley and oats. 
VANADIUM. 


Bechi? found vanadium in various plants, especially those growing 
on clay soils. It was present in grasses growing on Etna lava in 
quantities too small to estimate. Its occurrence in plants is regarded 
as being due to its ismorphism with phosphoric acid. Coals from 
Belgium and Peru have been found to contain vanadium. Demar- 
cay * detected traces of vanadium in vines, fir, poplar, and hornbeam. 
Ramirez * states that vanadium is absorbed and stored by some plants 
and causes anomalies in their growth. 


ZIRCONIUM AND RARE EARTHS. 


No mention is made of the occurrence of these elements in plant 
ash. Three plants only were tested for zirconium and the rare earths 
in this work. 5 


SELECTION AND PREPARATION OF THE SAMPLES. 


So far as it was practicable, the plants selected for this work had 
grown on soil that previously had been analyzed in these laboratories, 
and the plant samples were taken as near as possible to the spot where 
the soil sample had been taken. In selecting plants consideration was 
given to the fact that there are variations in the composition at dif- 
ferent stages of growth and also to the fact that rain water falling 
on growing plants leaches out no inconsiderable amount of soluble 
inorganic plant constituents and returns them to the soil. The plants 
were selected with as much uniformity as possible, the aim being to 
gather them when in bloom. Im all cases, except when otherwise 
stated, the entire part of the plant above ground was taken for 
analysis. The majority of the samples were gathered during’ the 
latter part of June, 1915. Important crop plants would have been 
preferred to some of the trees and waste-land grasses, but some soils 
that had previously been analyzed did not support such crops, so 
trees and weedlike plants were used. In beginning the investigation 
it was hoped to study the composition of the same kind of plants 
grown on soils differing widely in composition; for instance, to com- 
pare the lime content of red clover grown on a Hagerstown loam hav- 
ing 0.93 per cent CaO with red clover grown on a York silt loam 
having 0.08 per cent CaO. No legumes whatever could be found 
growing on the latter soil, a fact which in itself is significant. 


1 Johnson, ‘‘ How Crops Grow,” p. 137. New York (1890), Orange Judd Co. 
2 Atti. Accad. Lincei (3) (Mem. Sci. Fis. Mat. e Nat.) 3, 403 (1878-79). 

3 Loc. cit. 

«Anales. Soc. Quim., Argentina (2), 6, 145 (1914). 
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The green weights of the samples were not taken. On receipt at 
the laboratory the samples were air dried at a slightly elevated tem- 
perature, ground, and stored in stoppered bottles. The proper 
grinding of the samples presented many difficulties. An Excelsior 
coffee mill was found the most efficient machine for the purpose, but 
the plant fiber in many cases was so tough and leathery that there 
was always a contamination by the material of the grinder.t 

For determinations like sulphur, chlorine, and the alkalies, where 
a small sample was taken for analysis, the material was ground finer 
in an agate or porcelain mortar. 

There was some foreign material in the samples, mostly soil grains 
adhering to the majority of plants. Nearly all of this material could 
be removed by brushing and picking, though some of it had to be 
separated chemically, as described later. The ash of most plants is 
low in silica, consequently an admixture of even a small quantity 
of silica from the soil is to be avoided in this case, whereas it would 
make little difference in ground-rock samples. 


DESCRIPTION OF THE SAMPLES. 
LEGUMES. 


1. Alfalfa—One-half mile west of Penn Square, Norristown, Pa. 
Soil, Penn silt loam. This sample was 2 feet high and in bloom 
when cut. 

2. Alfalfa.—One mile north of Conshohocken, Pa. Soil, Hagers- 
town loam. This sample had not bloomed when cut. 

3. Alfalfa.—Stein farm, Carollton, Mo. Soil type not determined. 
This sample was mature. It had some fine sand adhering to it so 
persistently that it was impossible to brush or pick it all off. 

4, Beans.—String variety. Two and one-half miles northwest of 
Charlotte, N. C. Soil, Cecil clay. The plants were about 2 feet 
high and contained blossoms and small pods. There was a heavy 
rain in the locality just before the plants were gathered, and it was 
impossible to remove all the soil that had been splashed on the lower 
leaves. 

5. Beans—Seeds of the string variety. Three miles east of Marl- 
boro, N. H. Soil, Gloucester stony loam. 


1 The iron particles ground off of the machine were very efficiently removed by sliding 
the sample through a soft iron trough which was in contact with a powerful magnet. 

As a check on the efficiency of this treatment, the following test was made: A sample 
of beans (seeds) was coarsely ground, then sampled and analyzed for iron. A sub- 
sample was passed several times through the mill, then run over the iron trough and 
analyzed for iron. A contamination of 5 milligrams Fe.Oz to 100 grams of bean meal 
was noticed. Reckoned on the dry basis, this amounts to 0.005 per cent. The grinding 
of this particular sample was more severe than with ordinary samples, and it can be 
safely assumed that the contamination of iron in the samples reported was well under 
0.005 per cent. In the figures given in the tables no attempt is made to correct for this 
contamination, 
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6. Clover, Crimson.—Three and one-half miles southwest of Char- 
lotte, N. C. Soil, Cecil sandy loam. . This sample was in full bloom. 
, &. Clover, Red.—One-half mile west of Penn Square, Norristown, 
Pa. Soil, Penn silt loam. This sample was in bloom. . 

8. Clover, Red.—One mile northwest of Conshohocken, Pa. Soil, 
Hagerstown loam. Sample was in bloom. 
9. Clover, Red.—Three miles east of Marlboro, N. H. Soil, Glouces- 
ter stony loam. These plants were mature and the stems frequently 

carried both blossoms and seeds. 

10. Clover, Sweet—One mile northwest of Conshohocken, Pa. 
Soil, Hagerstown loam. This sample was 4 feet tall, but had not - 
commenced to bloom. - 

11. Clover, White—One mile northwest of Conshohocken, Pa. 
Soil, Hagerstown loam. This sample had just commenced to bloom. 
There was not enough of the sample to complete the analysis. 

12. Clover, White—One hundred yards south of derrick, Mount 
Mica, Paris, Me. Soil type not determined. This sample was 
gathered about the middle of August when many of the blossoms 
had seeded. It was not cultivated, but grew in a place formerly 
occupied by a horse sweep. 

13. Peas, smooth-seeded variety—Two and one-half miles north- 
west of Charlotte, N.C. Cecil clay. This sample contained blossoms 
and partly matured peas. There was some unavoidable contamina- 
tion on the lower leaves. 


VEGETABLES AND MISCELLANEOUS CROPS. 


14. Apples, fruit, variety Baldwin.—Three miles east of Marl- 
boro, N. H. Soil, Gloucester stony loam. It was quite difficult to 
dry this sample enough to be ground. A moisture determination was 
made on the partially dried sample, then the whole sample was dried 
at about 150° C. until it became crisp enough to grind. The total 
loss in weight was recorded, and a suitable correction applied in 
calculating the results. 

15. Beets—Tubers only. Three miles east of Marlboro, N. H. 
Soil, Gloucester stony loam. This sample had been stored in a cellar 
over winter. The small amounts of silica, iron, and aluminum show 
that there was little soil contamination. 

16. Cabbage—Two and one-half miles northwest of Charlotte, 
N. C. Soil, Cecil clay. This sample was a small head, weighing 
about a kilogram, and the upper part of the stem. 

17. Carrots—Tubers only. Three miles east of Marlboro, N. H. 
Soil, Gloucester stony loam. This sample was stored in a cellar over 
winter. : 

18. Cotton—Plant. Three miles southwest of Laurinburg, N. C. 
Soil, Norfolk sandy loam. These plants were a little over two feet 
high and were nearly ready to bloom. 
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19. Lettuce—One-half mile west of Penn Square, Norristown, Pa. 
Soil, Penn silt loam. This sample was taken after the lettuce had 
grown. tall preparatory to seeding. 

20. Onions.——Bulbs only. Three miles east of Marlboro, N. H. 
Soil, Gloucester stony loam. It was impossible to dry this sample 
to constant weight. After 120 hours of drying at 105° there was 
still a loss in weight. 

21. Potatoes, Irish—Tubers only. Three miles east of Marlboro, 
N. H. Soil, Gloucester stony loam. Great care was taken to wash 
the depressions and eyes of the tubers free from soil. 

29. Potatoes, sweet—vVines. Three miles southwest of Laurin- 
burg, N.C. Soil, Norfolk sandy loam. These vines were young and 
had fleshy tips. 

23. Tobacco—One and three-fourths miles northeast of Archer, 
N.C. Soil, Durham sandy loam. The stalks were three and one-half 
feet high. It had not bloomed. 

24. Tomato.—Vines. Three miles southwest of Laurinburg, N. C. 
Soil, Durham sandy loam. The growth was rather small. Flowers 
and smali fruits had formed on the plant. 


GRASSES. 


25. Bluegrass —One-eighth mile west of Penn Square, Norristown, 
Pa. Soil, Penn silt loam. The growth was luxuriant. The samples 
taken were in seed. 

26. Broom sedge.—Three-fourths mile east of Kings Mountain 
Battleground, Bethany, S. C. Soil, York silt loam. Small shoots, 
not in bloom. 

27. Corn.—Stalks and leaves. Three miles southwest of Laurin- 
burg, N. C. Soil, Norfolk sandy loam. The plants were young and 
had reached a height of about 44 feet. 

28. Corn.—Stalks and leaves. Three-fourths mile east of Kings 
Mountain Battleground, Bethany, S. C. Soil, York silt loam. The 
growth was light. The plants were 2 feet high when cut. 

29. Oats—Straw with grain. One-half mile west of Penn Square, 
Norristown, Pa. Soil, Penn silt loam. Heavy yield. The grain was 
in the milk when cut. 

30. Orchard grass—One-half mile west of Penn Square, Norris- 
town, Pa. Soil, Penn silt loam. These plants had just seeded. 

31. Timothy— One-half mile west of Penn Square, Norristown, Pa. 
Soil, Penn silt loam. This sample was cut in bloom. 

32. Timothy.—One mile northwest of Conshohocken, Pa. Soil, 
Hagerstown loam. This sample was in bloom. 

33. Timothy.—Three miles east of Marlboro, N. H. Soil, Glou- 

cester stony loam. Large plants in late bloom. 
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34. Timothy—One hundred yards southwest of derrick, Mount 
Mica, Paris, Me. Poor growth, in seed and partly dried. 

35. Wheat.—Straw with grain. One and three-fourths miles north- 
east of Archer, Johnson County, N. C. Soil, Durham sandy loam. 
This sample had made a poor growth. 5 

36. Wheat—Straw with grain. One-half mile west of Penn 
Square, Norristown, Pa. Soil, Penn silt loam. There was a good 
yield in the field where this sample was taken. 


TREES AND BUSHES. 


37. Birch, White—Leaves only. Beryl Mountain, Acworth, N. H. 
This bush was growing in a cavity where a large amount of beryl 
had been taken out. The soil was largely made up of broken beryl. 
Weight of leaves, 62.9 prams. 

38. Birch, White——Stems only. Same locality as above. Weight 
of stems, 88.6 grams. 

39. Oak, Blackjack.—Three-fourths mile east of Kings Mountain 
Battleground, Bethany, S. C. Soil, York silt loam. Entire bush, 
about 34 feet high. 

40. Oak, Post—Three-fourths mile east of Kings Mountain Battle- 
ground, Bethany, S. C. Soil, York silt loam. Entire small tree, 
about 4 feet high. 

41. Oak, White-—One and one-fourth mile southeast of Trevilians, 
Va. Soil, Louisa loam. Entire bush, about 4 feet high. 

42. Oak, White—One and three-fourths miles northeast of Archer, 
Johnson County, N. C. Soil, Durham sandy loam. Small tree, about 
5 feet high. Weight of leaves, 124.1 grams. 

43. Oak, White—Stems. Location and soil same as No. 42. 
Weight of stems, 194.5 grams. 

44, Pine, Shortleaf—Needles. One and one-fourth miles southeast 
of Trevilians, Va. Soil, Louisa loam. Weight of needles, 157.1 
grams. 

45. Pine, Shortleaf—Stems, short. Location and soil same as No. 
44. Weight of stems, 134.3 grams. 

46. Pine, Longleaf.—Needles. One and three-fourths miles north- 
east of Archer, N. C. Soil, Durham sandy loam. Weight of needles. 
273.3 grams. 

47. Pine, Longleaf—Stems. As above. Weight of stems, 179.5 
grams. 

48. Raspberry (wild red).—Vines. Growing on the edge of a 
beryl dump on Bery] Mountain, Acworth, N. H. 


ANALYTICAL RESULTS. 


The results of analyses of plant ash are given in Tables I to IV, 
and the analyses of soils on which samples grew in Table V. 
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THE RARER ELEMENTS IN SOILS AND PLANTS. 
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The results given in these tables are calculated on the moisture- 
free basis except in cases noted. The total percentage of ash has not 
been given. It is not practicable to weigh ash on account of its 
hygroscopic nature, the particles of unburned carbon present, and 
the variable amount of carbon dioxide present. It is almost impos- 
sible to burn to a white ash plants that are high in silica without 
volatilizing some of the constituents. The silica probably forms a 
slag with the fluxing alkalies and coats particles of unburned carbon, 
protecting it from further action. 

As an approximation to the total ash the sum of the mineral con- 
stituents is given. These figures are comparable to other results 
given for ash, except that carbon dioxide is not included and that 
partial correction has been made for the soil grains adhering to the 
plant. Many published tables show the percentage of a certain con- 
stituent in the ash, and the results here published may be compared 
with such data by taking the sum of the mineral constituents to rep- 
resent the ash. For example, in Table I, sample No. 1, alfalfa, there 
is 1.46 per cent of potash in the thoroughly dried plant, and, taking 
the sum of the mineral constituents to represent the ash, there would 
be 20.56 per cent of potash in the ash. 

Manganese in plants varies more in amount than most of the other 
elements. It appears to concentrate in the leaves, as shown in the 
case of the pine and oak samples. The presence of more than 0.3 
per cent of MnO in the raspberry plant from Acworth, N. H., is 
remarkable, and the question arose whether all raspberry bushes and 
like plants were high in manganese. Two samples, one of raspberry 
bushes and one of rambler roses from Vienna, Va., were collected and 
analyzed. The Blackcap raspberry bushes showed 0.062 per cent of 
MnO, and the rambler roses, stem and leaves, contained 0.019 per 
cent. This. would indicate that members of the rose family contain. 
more manganese than the average of plants. White* has found from 
0.108 to 0.153 per cent of Mn in sorrel plants, and from 0.059 to 
0.085 per cent of Mn in clover plants. 

There is wide variation in the composition of the same plant. 
Some of this variation may be due to the different stages of growth, 
but the greater part of it would seem to be due to the composition 
of the soil. For instance, caesium was found in plant ash from 
Acworth, N. H., and Paris, Me. Caesium beryls are known to occur 
in both these localities. Shorey? reports an extreme variation of 
the composition of plant ash due to the difference in amounts of 
lime found in two soils. He writes: 


In the case of the fiber from Sisal Plantation, where the soil was a disinte- 
grated coral, 40 per cent of the ash was lime, while in that from the experi- 


1 Ann. Rept. Pa. State College Agr. Expt. Sta. (1913-14), p. 46. 
2 Bul. 13, Hawaii Agr. Expt. Sta. (1906). 
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ment station, where the soil contains less than 1 per cent lime, the amount 
in the sisal ash was but 7 per cent. 

White* found considerable variation of the lime content of clover 
grown in soils of different reaction. The figures are as follows: 
Alkaline, 3.02 per cent Ca; neutral, 2.68 per cent Ca; and acid; 2.67 
per cent Ca. 

The attention of the bureau has frequently been called to instances 
of clovers and alfalfas growing on acid soils. In one such case at 
Carrollton, Mo., samples of alfalfa were submitted that had been 
growing luxuriantly on an apparently acid soil for eight years. The 
growth exceeded that of some alfalfa fields where the soil reaction 
was apparently more favorable. Mr. J. G. Smith, of this bureau, 
found the lime requirement of this soil to be 3 tons of CaO to the 
acre. He also found that the total lime and magnesium in the soil 
was much higher than the average. An examination of the tables — 
shows that this alfalfa, No. 3, contains somewhat less lime, but more 
magnesium than the eastern alfalfas. It appears that in this case 
the alfalfa had extracted the amount of lime and magnesia neces- 
sary for normal growth from the calcium and magnesium silicates 
in the soil and therefore that compounds of these elements are neces- 
sary for the elaboration of plant tissue, rather than to give an alka- 
line reaction to the soil. 

There are wide variations in the composition of the same kind of 
plants, and from the data here presented it can not be stated whether 
these are due to difference in the stage of growth or to a difference 
in the composition of the soil. All things considered, however, it 
would seem that the most profound influence the composition of the 
soil has on the plant is not on the composition of the plant but on 
the occurrence of that plant on the soil. To be concrete, it seems 
that a plant will not grow naturally, seeding itself year after year, 
on a soil where it can extract only a part of the normal amount 
of any element necessary for its growth. Diligent search failed to 
show any legumes, which are high in lime, growing on York silt 
loam in Bethany, S. C. This soil contains only 0.08 per cent total 
CaO. . 

It may be a mere coincidence, but in the majority of cases where 
_ the plant contains a comparatively large amount of rare alkalies, 
there is also an abnormal amount of manganese present. The chlorine 
of plants that have been cultivated is high, particularly those that 
are usually fertilized with commercial fertilizer. Such large amounts 
of chlorine may not be necessary for the elaboration of plant tissue, 
but it seems that chlorine and sulphuric acid act as necessary vehi- 
cles to carry the alkalies from the soil to the plant. In the cotton 


1 Ann. Rept. Pa. State College Agr. Expt. Sta., 1913-14, p. 46. 
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plant, lettuce, and tobacco plant, where the potash and lime are 
abnormally high, the sum of the sulphur and chlorine is also high. 

Vernadsky 1+ has shown that rubidium and caesium are widely dis- 
tributed in feldspar and micas and consequently in soils. He is of 
the opinion that these alkalies may occur in sufficient quantities in 
agricultural products to affect the accuracy of potassium determina- 
tions. In so far as plants are concerned, the contention of Vernad- 
sky does not seem to be well founded, for there were only three cases 
where the quantity of rubidium was large enough to be detected in 
the potassium determinations, and in those cases the amount of Pa 
tassium would be increased by about 0.01 per cent. 

The aluminum in plants varies widely. In some cases there is more 
aluminum than iron. It is true that a large number of errors ac- 
cumulated upon this determination, but every precaution was taken 
to correct for impurities, and it is believed that the results are not 
consistently too high. Unavoidable contamination by soil would, of 
course, result in a figure for aluminum higher than the true one. 
Such contamination would be shown by a correspondingly high silica 
content. High results for aluminum were checked by another an- 
alyst. 

The results with reference to the rarer elements may be sum- 


~ marized as follows: 


1. Lithium was found in spectroscopic quantities in all plants ex- 
amined. Rubidium was present in the majority of cases and in 
larger quantities than the other rare alkalies. In cases where the 
amount of Rb,O in the plant equaled or exceeded 0.01 per cent, rare 
alkali minerals are known to occur in the soil on which the mie 
was grown. Caesium was found in the ash of timothy from Mount 
Mica, Paris, Me., the red raspberry from Beryl Mountain, Acworth, 
N. H., and the eee from Marlboro, N. H. Caesium beryls are 
ieee to occur in the first two localities. 

2. Chromium was occasionally found, though always in very Tr 
amounts. Vanadium was detected in only six instances and like- 
wise in traces. Molybdenum was not found by delicate chemical 
tests in the ash of any plant. 

3. Barium was found in determinable quantities in the ash of all 
plants examined. Strontium was found in all samples except bean 
seeds. 

4, Titanium was present in the ash of all plants, though in very 
small amounts. With two exceptions, all plants analyzed contained 
aluminum. The percentages of aluminum in peas, beans, one sample 
of alfalfa, pine needles, wheat, and tomato plants are high. The 
peas, beans, and alfalfa were contaminated by soil to which the high 


1 Ueber die Begleiter des Kaliums. 
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aluminum content probably is due. Pine needles are exceptionally 
high in this element. 

5. There is no evidence that vanadium replaces phosphoric acid in 
its functions in the plant. Rubidium and caesium are apparently 
absorbed by the plant when they are present in the soil solution. 
The larger the amount present in the soil, the more will be absorbed. 
Lithium is apparently not acted on in this manner, for Nos. 12 and 
34 did not contain an exceptional amount of lithium, though the soil 
contained considerable lepidolite. 

6. With the exception of sulphur, chlorine, and manganese in some 
cases, there is no indication that the elements determined in the 
foregoing work, except those commonly used, need be considered in 
fertilizer practices. 


APPENDIX. 
ANALYTICAL METHODS. 


Since this work is based largely on analytical data, it seems proper 
that the methods employed should be stated with some detail. No 
satisfactory method for the complete analysis of plant ash is to be 
_ found in textbooks or bulletins. The problem is one of peculiar 
difficulty. The inorganic composition of plants nearly resembles that 
of a rock phosphate, except that there is a high content of magnesium, 
more iron and aluminum, and occasionally large amounts of man- 
ganese. Obviously some method which would remove the phos- 
phoric acid early in the analysis and leave no objectionable precipi- 
tant in solution would be the ideal procedure. The basic acetate 
method for the precipitation of the iron group had to be discarded 
on account of the tendency of the small amount of iron and aluminum 
phosphate to run through the filter. 

Treadwell and Hall have outlined a method whereby the phos- 
phoric acid is precipitated with molybdic acid in the usual manner 
and the iron and aluminum separated by ammonia and ammonium 
sulphide, which does not precipitate the molybdenum. Test analyses 
made on synthetic solutions showed that iron and aluminum were not 
completely precipitated by this treatment, and the method was aban- 
doned as unsatisfactory. 

The phosphoric acid may be removed by silver salts in slightly 
acid solutions, but the coprecipitation of iron renders this separation 
useless. 

The stannic acid made by dissolving tin in a nitric-acid solution 
containing a phosphate will precipitate the phosphoric acid as tin 
phosphate, and no tin remains in solution. Unfortunately, iron is 
precipitated with the tin, so the method could not be used. 
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After a number of trials it became evident that the method which 
calls for the separation of calcium as sulphate by alcohol, after the 
removal of silica, was the best available. Test analyses by two 
analysts on synthetic mixtures showed this method to be accurate. 
It is outlined in Mellor’s, “A Treatise on Quantitative Inorganic 
Analysis,” p. 606, J. B. Lippincott Co., Philadelphia (1918). 

This method was found satisfactory after modification; that is, 
the removal of the iron precipitated with the calcium sulphate and 
the recovery of magnesium from the iron group after the precipi- 
tation of phosphoric acid, by the use of citric acid and ammonium 
phosphate. 


SILICA. 


It is impossible to prepare plants for analysis in such a manner 
as to have them free from contaminating soil, which is made up 
largely of silica. An approximate way of determining silica is car- 
ried out by digesting the dehydrated silica and sand with a solution 
of sodium carbonate and hydroxide as outlined in Bul. 107, of the 
Bureau of Chemistry. The finely divided silica of constitution 
dissolves, and the soil grains are supposed to resist attack. It is 
difficult to obtain results by this method which agree well, particu- 
larly when working with plants high in silica. For the separation 
of silica, two evaporations with an intervening filtration were in- 
variably made. 


THE CALCIUM PRECIPITATION. 


The calcium sulphate precipitated by alcohol frequently contains 
iron but never phosphorus, provided, of course, the washing has 
been thorough. It has been our practice to dissolve the calcium 
sulphate in hydrochloric acid and precipitate the iron, if any, with 
ammonia and add it to the main precipitate. When the final volume 
of the alcoholic solution in which the calcium-sulphate precipitation 
was made is from 150 c. ¢. to 200 c. c. from one to two milligrams of 
calcium sulphate remain in solution. This was shown by the test 
analysis of synthetic test solutions. 


THE IRON AND ALUMINUM GROUP. 


The skill of the analyst is put to a severer test in making this 
group separation than at any other stage of the analysis. The pre- 
cipitation must be quickly and completely made and the filtration 
hastened with all possible dispatch. This is to avoid the coprecipita- 
tion of magnesium phosphate. To this end a small but known excess 
of ammonia is quickly added to the hot mixture. The solution is 
then boiled a minute or so and the filtration made by suction in a 
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hot-water jacketed funnel. If there is not too much magnesium 
present these precautions will enable the analyst to obtain a pre- 
cipitate free from magnesium or nearly so. The presence of mag- 
nesium ammonium phosphate in the iron group can easily be recog- 
nized by the appearance of crystals on the side of the beaker. When 
such precipitate appears it is best to complete the filtration and 
make a second precipitation. In this way the amount of magnesium 
is so reduced that it will seldom give further trouble. The washing 
is best done with hot water containing 5 per cent NH,Cl. After 
complete washing water containing NH,NO, is used to wash out 
the chloride prior to ignition. Some electrolyte must be used in the 
wash water, otherwise the phosphates of iron and aluminum will 
run through the filter. 

Correction for the magnesium which may be in the iron group was 
made in the following manner: After the titanium has been de- 
termined and the phosphoric acid precipitated 1 to 2 grams of citric 
acid’are added to the solution and the magnesium precipitated with 
an orthophosphate and ammonia. A correct figure for aluminum 
can be certain only after this magnesium correction has been made. 
In cases where the manganese is below or only slightly above 0.01 
per cent none will be found precipitated with the iron group, nor is 
it necessary to correct the magnesium precipitate for such an insig- 
nificant amount. When the manganese is high, as in the raspberries, 
pine needles, and oak leaves, corrections are necessary. A simple 
colorimetric determination of the manganese in the magnesium pyro- 
phosphate gives data enabling the analyst to give a correct figure 
for magnesium. Correction is made for the aluminum in the follow- 
ing manner: The solution of the iron group, after the titanium has 
been determined and the phosphoric acid has been removed, is divided 
into two portions; in one the manganese is estimated colorimetrically 
and the magnesium correction is made in the other half. 

The precipitation of the magnesium and phosphoric acid in the 
separate halves of the filtrate from the iron group is done in the 
ordinary manner. 

THE ALKALIES. 


Great care must be used in ashing the plants, particularly when 
the rare, more volatile alkalies are to be determined. Potash is 
lost when present as the chloride, if the temperature of ignition be 
carried above a dull redness, barely discernable in the dark. In order 
to control this temperature of ignition, a special electric muffle was 
constructed. When the temperature, as measured by a pyrometer 
on the inside of the furnace and not touching the walls, did not exceed 
525° C., there was no loss of potash during ashing. This fact was 
established by comparing analyses of the same plant made using and 
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omitting sulphuric acid during the ignition. In this laboratory, 
where the voltage of the electric current varies considerably, the very 
frequent attention of the analyst is required to operate the rheostat 
of the electric furnace in order to keep the temperature approxi- 
mately uniform: The difference in radiation from the furnace on 
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Fig. 1.—Diagram of electric furnace, side view. 


hot and cold days is another factor which causes variation in tem- 
perature when the rheostat is set at the same place. To secure a 
fairly constant temperature without the element of. guesswork, a 
furnace with a temperature regulator was designed. A sketch is 
given in figs. 1, 2, and 3. 
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The essential part of the automatic control is a couple consisting 
of a quartz tube closed at one end, inside of which is placed a nickel 


rod. The difference in the thermal expansion of nickel and silica is 
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By this device a movement of 0.01 inch for every 24° 


C. was obtained. No change in temperature of the oven running 
at 525° C. could by observed with a pyrometer graduated in 5-degree 


intervals. 


considerable. 
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THE ELECTRIC FURNACE. 


The inner case of the furnace is made of alundum on which is 
wound nichrome wire of 0.072-inch diameter. The resistance of the 
furnace is 12 ohms. At the rear an alundum tube is inserted to lead 
off the volatile matter to a cooling cylinder of metal which is con- 
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2.—Details of regulating devices. 
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nected to a bottle containing water and small pieces of pumice. The 
other opening of the bottle is connected with the suction. Asbestos 
wool forms the insulating material between the alundum case and 
the asbestos-board outer form. The door of the furnace is mounted 
with double hinge and weighted to remain open or closed, as placed. 
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The temperature of the furnace is controlled through the action of 
the nickel rod which is placed inside a quartz tube. The quartz tube 
was fastened at the rear of the furnace to the inside of a brass piece 
by means of glycerine and litharge cement, after the end of the tube 
had been wound with asbestos cord. The other end of the lever con- 
nected with the nickel rod makes and breaks the current operating 
the relay. A condenser is connected with opposite sides of the gap 
to reduce arcing. The platinum-tipped contact pieces are also im- 
mersed in oil, which further reduces arcing tendencies. An ammeter 
and rheostat are connected in series with the furnace. When started 
with a current of 12 amperes (at 220 volts) the furnace requires about 
an hour and a half to reach a temperature of 500° C., after which the 
temperature may be kept constant with a current of 7: amperes, 
which is easily handled by the relay. 

The time required for ashing of different plants varies consider- 
ably. Three hours is generally sufficient. The contents of the ashing 
dish were turned to expose unburned portions when necessary. 
Many times one incineration was sufficient for complete ashing, but 
generally all plants high in silica required a second heat treatment 
after leaching with water. The silica apparently forms a slag with 
the alkalies and protects enmeshed particles of carbon from the action 
of the oxygen. 

It was found more convenient to determine the sodium and potas- 
sium in the same portion that was taken for the major constituents. 
The ash was dissolved in hydrochloric acid, with repetition of the 
ignition and extraction of the residue if any, and the filtrate made up 
to definite volume. An aliquot corresponding to 1 or 2 grams was 
taken for the alkalies. This was evaporated to dryness to free from 
the excess of acid. Clear barium hydroxide solution was added in 
slight excess and the solution filtered. All interfering elements are 
eliminated by this process, and from this point on the ordinary pro- 
cedure is followed. 

For lithium, caesium, and rubidium 20 grams of the dry plant were 
taken. This amount was carefully ashed, the ash dissolved in hydro- 
chloric acid, and the excess of acid evaporated off. The magnesium, 
phosphoric acid, etc., were precipitated by lime, the lithium and 
sodium separated from the other alkalies by platinum-chloride, and 
the caesium and rubidium fractionated from the potassium in the 
same manner as outlined in Bulletin No. 122 of the United States 
Department of Agriculture. The determinations were made spec- 
troscopically according to the method of Gooch and Phinney’ with 
a Hilger wave-length spectroscope. Lithium was identified by the 
line 6708.2 and caesium and rubidium by the doublets 4593.83—4555.4 
and 4215.6—4201.9, respectively. 


1Am. J. Seci., 44, 392 (1892). 
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MANGANESE. 


It was first hoped to make the manganese determination in the 
same subsample as that used for the determinations of barium, 
chromium, vanadium, and molybdenum. After the ash is fused with 
sodium carbonate it seems possible to precipitate the manganese with 
alcohol or hydrogen peroxide and determine the manganese in the 
insoluble portion, but while this method gives good results in many 
cases occasionally large errors were found. Using the Weller method 
the color seems to develop quicker and more uniformly when all the 
constituents of the plant ash are present, and the following pro- 
cedure was adopted: A 2-gram sample of the well ground and mixed 
plant was burned, dissolved as much as possible in sulphuric acid, 
and a little sulphurous acid added to dissolve any manganese peroxide 
that may have been formed. If the concentration of acid is kept 
within the proper limits this method leaves nothing to be desired. 


BARIUM, CHROMIUM, VANADIUM, AND MOLYBDENUM. 


For this determination 20 grams of the ground plant were ashed, 
fused with 10 grams sodium carbonate and 0.25 gram sodium 
nitrate. -The methods outlined by Hillebrand+ were applied. Except 
when grasses (high in silica) and pine needles (high in aluminum) 
are to be analyzed it is necessary to evaporate the solution only to 
near dryness, for the normally trifling amount of silica and aluminum 
present will do no harm. It has been found helpful to titrate the 
dissolved and filtered melt nearly to the neutral point, using methyl 
orange as an indicator, prior to the precipitation of the mercurous 
salts. The results for barium and chromium were satisfactory and 
are believed to be reliable. The vanadium tests, however, were not 
so sharp cut. The color reaction with hydrogen peroxide in nitric- 
acid solution was used. No samples of plant ash contained enough to 
titrate with permanganate. It required 0.0002 gram V.O, to give 
the characteristic vanadium test when added to 20 grams of the dry 
plant before incineration. The chromium and molybdenum tests 
were slightly more delicate. Spectroscopic tests for these elements 
were not used. Where vanadium, chromium, and molybdenum are 
reported as not found, there is less than 0.0002 gram of any one of 
those elements in 20 grams of the dry plant, or less than 0.001 per 
cent. 

STRONTIUM. 


The determination of strontium in plant ash is not satisfactory. A 
large amount of calcium is always present, a fact which necessitates 
a large volume in which the precipitation is to be made. It seems 
probable that a considerable portion of the small amount of strontium 


1 Bul. 422, U. S. Geol. Survey, pp. 138 and 150 (1910). 
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present escapes precipitation in both the sulphate and oxalate sepa- 
rations. Further, some strontium nitrate is probably dissolved by 
the comparatively large amount of absolute ether-alcohol which 
must be used to dissolve the calcium nitrate and completely wash 
it from the strontium nitrate. An error in the other direction arises 
through the difficulty of washing the strontium nitrate free from 
calcium salts. A spectroscopic examination of the final strontium 
precipitate with the Bunsen burner as a source of heat always showed 
the characteristic strontium line, and the calcium lines were very 
faint or missing. The writers believe the accuracy of the strontium 
determination to be such that the differences in plant composition 
shown in the tables for this element are not significant. 


SULPHUR. 


The sulphur determinations were made by two different methods, 
the Parr bomb method and the sodium-peroxide method. Both de- 
terminations yielded satisfactory results. 


CHLORINE. 


The determinations of this element were made according to Bulle- 
tin 107 (Revised) of the Bureau of Chemistry. Satisfactory results 
were obtained. 


PHOSPHORIC ACID, CALCIUM, AND MAGNESIUM. 


The phosphoric acid, calcium, and magnesium determinations were 
quite satisfactory, determinations by different individuals generally 
checking within 0.05 of 1 per cent. 


MOISTURE. 


The loss in weight in an electric oven kept at 105° C. was taken 
to represent the moisture. In some cases constant weight was reached 
by drying from four to six hours, but generally the drying had to 
run much longer. Volatile materials other than water were cer- 
tainly lost, as the strong continuous odor from the samples of pine 
needles and onions indicated. It was not practicable to dry the 
onions to constant weight, and the percentages are calculated on the 
air-dry basis. Throughout the work duplicate determinations were 
made until the analyst became very familiar with the procedures, 
and thereafter difficult determinations were made in duplicate and 
unusual results were always checked up, generally by another analyst. 
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